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Chapter-I 
INTRODUCTION 
1.1 General 
Water is the most valuable resource available on the planet Earth 
(the watery planet), without which the life, in context of both animal and 
plant kingdoms, could simply be not sustained. It constitutes 71% of the 
earth surface. Ironically, inspite of being so abundant the water, in terms of 
some of the aspects of its usage, is still a rare commodity. The fresh water 
which is available for human consumption is only 0.71%. This has 
necessitated a detailed appraisal of freshwater resources all over the world, 
both in terms of their depletion at alarming rates and pollution as a threat to 
the very survival of the mankind. 
Water is and shall remain critical to all the endeavours directed 
towards making the world even better and the scenario in India is no 
different. The increase in cropping intensity and improved technology are 
the main factors in bringing about manifold growth in Indian agriculture 
over last three decades in the present context, when the arraible land has 
ceased to grow, and, as a matter of fact has declined. On the other hand, 
demand for agriculture products will keep on rising with the need of rising 
ft)od security (Alagh, 2003). Water is the key both for increase in cropping 
intensity and deployment of new technologies. 
Land and water are most vital resources around which development 
of a country rests. In water sector, Indian effort so far concentrated largely 
on developing the resource; very little attention has been directed to 
ensuring its efficient equitable and sustainable use. Surface water and 
groundwater are the two components under the water resources development 
programme and problems are being faced in managing both the freshwater 
resources. An environmentally hazardous situation has arisen where canal 
command areas face water logging and soil salinization problem. The other 
areas face gradual but alarming decline in water levels. About 8.5 million ha 
land is affected by water logging and 242 administrative blocks are suffering 
from problems related to overexploitation of groundwater resources (Alagh, 
2003). 
The groundwater accounts for about two thirds of the fresh water 
resources of the world (Freez and Cherry 1979). It is most dependable 
source for irrigation even during period of moisture stress conditions. As on 
date groundwater contributes to more than 50% of the total irrigated area in 
the country. Its contribution, covering 85% of rural water supply has been 
significant in dirnking water sector (Kittu 2003). There has been a 
phenomenon of growth of groundwater development during the last five 
decades. The replenishable groundwater resources in the country have been 
estimated as 43.3 m ham. Out of this allocation for drinking water, industrial 
sector and system losses come to 7.1 m ham. Utilizable resources potential 
is to the tune of 32.63 m ham. Balance volumetric resources available for 
future development comes to 22.73 m ham. The utilizable irrigation 
potential from groundwater has been estimated as 64.05 m ham out of which 
the potential already created works out to 35.37 m ham leaving a balance of 
30.99 m ham for development (Kittu 2003, Sharma 2004). On volumetric 
basis, status of groundwater development for the country as a whole is 
around 37.24%. The statewise development pattern is highly variable. For 
example the western U.P. of which the present study area is a part, registers 
a high status of development which varies from 60 to 97%. This scenario 
necessitates precise evaluation of groundwater resources to microwater 
sheds level. 
A river basin being a closed system of surface and groundwater 
forms a perfect hydrogeologic unit. Therefore various aspect of water 
entering in a basin can be quantitatively and qualitatively evaluated and 
rational approach regarding development and management may be adopted. 
Keeping this view, the present study area was selected for the study. 
1.2 Area of Study 
The study area lies in the central part of Muzaffarnagar district 
bounded on the east by the Kali river and on the west by Hindon river. It lies 
between the latitude 29°13'N and 29°30'N and the longitude 77°30' E and 
77°45' E and falls in survey of India toposheet no. 53G 11, 12 (Fig. 1). 
Almost all the villages are well connected by motorable roads. 
1.3 Aims and Objectives 
The investigation being presented here, was carried out in the Kali-
Hindon sub-basin with the following objectives : 
• To delineate the regional aquifer system, their geometry, and their 
aquifer parameters 
• To study the movement of groundwater and long term behaviour of 
water level in space and time 
• To evaluate groundwater resources of the basin 
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Fig. 1 Location map of the Study area. 
• To study the chemistry of the groundwater system and evaluate its 
suitability for various uses 
1.4 Methodology 
In order to generate quantitative data base on hydrogeology and 
hydrochemistry, systematic groundwater surveys were carried out supported 
by laboratory investigations. The methodology followed and the techniques 
adopted are enumerated below : 
• The literature pertaining to the study area was collected and 
background information was generated to identify the problems to be 
focused. 
• Toposheets of the study area were consulted to understand the 
geomorphology of the area and generate a basemap for the field survey 
to be taken up. 
• Rainfall and various hydrological data pertaining to the area were 
collected. The rainfall data were analysed and the mean, standard 
deviation, coefficient of variation and occurrence and frequency of 
droughts were determined for the period 1980-2004. 
• Evenly spaced 33 observation wells (hand pumps) were selected to 
monitor water levels and for sampling. 
• To monitor the changes in water levels, repeat measurements for pre 
and post monsoon seasons were made. 
• Lithological logs of deep tubewells were collected and various cross-
sections were prepared. 
• In all, 25 groundwater samples were collected from handpumps in 
duplicate to see lateral variation in groundwater quality. One group of 
sample was kept for physico-chemical examination while the others 
were immediately acidified with 10 ml 6N HNO3 and kept for trace 
element analyses. 
The water level data of handpumps were processed, plotted and 
interpreted. Various maps, like depth to water map, water table contour 
maps and water level fluctuation maps were prepared. 
Water samples were analysed for major and trace elements for 
quantitative determination of their quality for domestic and irrigation 
uses. 
• Concurrence and synthesis of hydrogeological, hydrometeorological 
and hydrochemical data was attempted to generate the model for 
groundwater regime of Kali-Hindon sub-basin. 
1.5 Previous Work 
Previous hydrogeological investigations in the area were mainly 
carried out by Central Ground Water Board (CGWB) and Groundwater 
Department of U.P. government. The adjoining part of the study area was 
well studied under upper Yamuna project of CGWB. The objectives of the 
project were to map sub-surface aquifers occurring to depths of 450 mbgl 
and to determine their parameters. Bhatnagar et al. (1982) analysed and 
correlated the electrical and lithological logs of exploratory boreholes and 
identified four distinct groups of permeable granular zones separated by 
three poorly permeable to impermeable horizons. These groups of aquifer 
extends all over the basin except close to Delhi where the bedrocks is 
encountered at shallow depth. 
Aquifer modeling studies have been carried out in Krishni-Hindon 
inter stream region (Gupta et ai, 1979) and Daha region (Gupta et ai, 
1985). They have assessed the stream aquifer interaction as well as 
conjunctive use of surface water and groundwater in Daha region. 
Goel et al. (1975) conducted recharge estimation studies using 
environmental tritium method and recommended 22% of rainfall as recharge 
to aquifers in western Uttar Pradesh. Khan (1992) carried out systematic 
hydrogeological survey in parts of Muzaffarnagar (Field Season 1983-1984). 
He studied the first group of aquifers in detail. He recorded the water level 
between 2 and 9 mbgl in the study area. The two blocks Budhana and 
Shahpur were reported as over exploited block. 
Kumar (1994) carried out reappraisal survey in (Field Season 1992-
1993) in parts of Muzaffarnagar and identified blocks Baghra, Kairana, 
Uoon Budhana and Shahpur blocks as overexploiled where the groundwater 
development has reached upto 142.15%. Further, he recommended that the 
exploitation of groundwater be stopped in these blocks. 
As the Baghra and Shahpur blocks cover the Kali-Hindon watershed 
and are identified as critical blocks, the present study is significant from two 
points of view. Firstly, the water balance studies have been carried out 
afresh at microwatershed level, and secondly, a detailed attempt has been 
made to understand hydrogeochemistry of the aquifers. 
The geomorphology, geology, hydrogeology, hydrochemistry and 
water balance studies of the area have been described under the present 
study to provide a quantitative data base at micro level. 
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Chapter - 2 
THE STUDY AREA 
2.1 Location and Accessibility 
The area of study lies to the west of Muzaffarnagar town between 
two rivers, namely, Hindon and Kali, which are southward flowing 
tributaries of river Yamuna. The two rivers join in the southern extreme of 
the area of study. Muzaffarnagar is an important district in western Uttar 
Pradesh and the town of Muzffarnagar is the district Headquarter. It is 
approachable by rail and road from surrounding towns, such as, Saharanpur 
and Meerut. 
The district of Muzaffarnagar is relatively prosperous and is known 
for its sugar factories which have come up to make use of extensive 
sugarcane cultivation in the area. 
Almost all the villages of the district are approachable by pucca and 
motorable roads. 
2.2 Climate 
The climate of the area is characterized by general dryness except 
during the brief span of monsoon season. It has a hot summer and a cold 
winter. The year is divided into the four seasons. The period from the 
middle of November to about the ends of February is the cold season. The 
hot season which follows, continues up to the end of June. The rainy season 
spans over the period of mid June to September. This is followed by the 
post-monsoon or the pre-winter extending from mid September to Mid 
November. The highest temperature, reaching up to 45°C, is recorded during 
the month of June, whereas the lowest temperature of 4V is recorded during 
the month of January. The average mean daily temperature of the area 
ranges from 20°C to 32°C. 
Winds are generally light and only a little strong in the summer and 
monsoon seasons. During October and April, they are mostly westerly or 
northwesterly. From May, they become easterly and during the southwest 
monsoon season, they are predominantly easterly or southeasterly. 
2.3 Rainfall 
The monsoon season start in the second week of June. Heavy 
precipitation, however, takes place in the months of July and August and 
monsoon finally retreats by the end of September every year. The area on an 
a\erage receives 794 mm of annual rainfall. The rainfall data and their 
statistical treatment have been given in Appendix 1(A) and 1(B), 
respectively. 
2.3.1. Aerial Distribution A perusal of the isohyetal map (Fig. 2) of the 
district shows that the intensity of rainfall decreases from east to west. 
Slightly more than 900 mm of annual rainfall in the east gradually decreases 
to about 500 mm in the southwest in the vicinity of river Yamuna. 
2.3.2 Variability of Rainfall The available annual rainfall data of the 
Muzaffarnagar station received from Sugarcane Developmental Research 
Center lor the period 1980-2003 have been statistically analysed and results 
tabulated (Tabic 1). It is seen that the highest rainfall at Muzaffarnagar rain 
gauge station is 1453.2 mm (1998) whereas the lowest, is 239.9 mm (1987). 
Thus a very wide range of variation is depicted. The mean annual rainfall is 
794.32 mm (Fig. 3). The standard deviation at Muzaffarnagar rain gauge 
station is 285.65 mm and coefficient of variation is 35.96%. 
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Table 1: Results of statistical analysis of annual rainfall at 
Muzaffarnagar station, District Muzaffarnagar 
Highest rainfall (1998) 
Lowest rainfall (1987) 
Mean 
Standard deviation 
Coefficient of variation 
1453.2 mm 
239.9 mm 
794.32 mm 
285.65 mm 
35.96% 
2.3.3 Drought analysis Departure of annual rainfall from mean annual 
rainfall (Fig. 4) have been calculated for the Muzaffarnagar Rainguage 
Station. The calculated values of departures have been used in draught 
analysis (Table 2). 
The frequency of occurrence of mild, normal, and severe draughts 
are 75%, 16.6%, 8.3% respectively at Muzaffarnagar. 
Table 2 : Results of Drought Analysis at Muzaffarnagar rainguage 
station, District Muzaffarnagar. 
Type of Drought 
Mild drought 
(0.0 to 25%) 
1 
1 Normal drought 
1 (25.1 to 50%)) 
Severe drought 
(50.1 to 75%) 
Very severe drought 
(75.1 to 100%)) 
Year 
1983, 1984, 1988, 1989, 1990, 1991, 
1992, 1993, 1994, 1995, 1996, 1997, 
1998, 1999, 2000, 2001, 2002, 2003 
1981, 1982, 1985, 1986 
1980,1987 
Nil 
Frequency of 
occurrence 
75.0% 
16.6% 
8.3% 
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2.4 Physiography 
District Muzaffarnagar is rectangular in shape and is situated 
between the district of Saharanpur on the north and Meerut on the south and 
is bounded by the Ganga on the east and the Yamuna on the west. The chief 
rivers, the Ganga, the Kali, the Hindon and the Yamuna have played an 
important role in carving the topography of the district and divide it into 
four fairly distinct tracts (Nevill, 1903, Varun, 1980) i.e. the (i) Ganga 
Khadir, (ii) upland upto Kali Nadi, and (iii) the Kali Hindon duab and the 
(iv) Hindon Yamuna doab. The study area is a part of Kali Hindon sub 
basin. 
The area exhibits a gentle southward slope. The elevation ranges 
between 246 m amsl near Budhinakhurd in north to 230 m amsl in the south, 
where the Kali joins the Hindon and forms the southern boundary of the 
area. 
2.4.1 Kali-Hindon sub-basin This tract known as the central tract, is high 
throughout and is very fertile but the groundwater level is very deep. The 
eastern and western portions of the central high land slope down to the 
rivers on either side, and are marked by ravines which cut into the good land 
above. Between the ravines and the rivers there is a belt of low lying land. 
The khadir of the Hindon is much better cultivated in the south but in the 
north large area is uncultivated due to increase of swamps since the 
extension of the canal system. In the center and south of the tract, 
cultivation reaches a very high standard. Generally speaking, the soil is 
much less sandy than in the Ganga canal tract but one well marked belt of 
sand passes through its center, beginning at Charthawal in the north near the 
Hindon, and passing through Baghra and toward the Kali Nadi. The broken 
ground between the Hindon valley and the upland is of an extremely poor 
character and is unsuitable for cultivation. 
2.4.2 Drainage The drainage of the study area is mainly controlled by the 
two rivers i.e. Kali and Hindon, flowing from north to south. The Kali and 
Hindon rivers are the tributaries of Yamuna and both these rivers of the 
Yamuna sub-basin are perennial in nature. In general, both the rivers are 
mature, meandering rivers. The channel of the Hindon river is fairly deep 
and well defined. 
2.5 Regional Geological Set-up 
The study area forms a part of the Ganga basin, which is one of the 
physiographic units of India. The Ganga plain occupies the central position 
in the Indo-Gangetic foreland system. Geographically, it extends from the 
Aravalli-Delhi ridge in the west to the Rajmahal hills in the east, and from 
Himalayan foothills in the north to the Bundelkhand-Vindhyan Plateau in 
the south. The east-west length of the Ganga plain is about 1000 km and the 
north-south width varies from 450 km (western part) to 200 km (eastern 
part) and occupies an area of about 250,000 km^ (Singh 1996, 2004). 
Morphologically, the Ganga plain is a shallow, asymmetrical depression 
with a gentle easterly slope. Along the piedmont zone, close to Himalaya, 
the altitude varies from 280 m in the west to 67 m in the east. 
Stratigraphically, it is built up of alternate layers of gravel, sand and clays of 
quaternary age. The Ganga plain exhibits asymmetrical sedimentary wedge, 
only few tens of meter thick towards peninsular craton and upto 5 km thick 
near Himalayan orogen (Singh 2004). 
The flexing lithosphere below the Ganga plain shows many 
inhomogenities in the form of ridges and basement faults (Sastri 1971, Rao 
1973) which are as follows : 
Monghyr-Saharsa Ridge 
East Uttar Pradesh shelf 
Gandak Depression 
Faizabad Ridge 
West Uttar Pradesh Shelf 
Kasganj-Tanakpur Spur 
Ram Ganga Depression 
Delhi-Hardwar Ridge 
These basement highs and faults have controlled the thickness of the alluvial 
fill (Bajpai 1989, Singh 1996) and have also affected the river channel on 
the surface. 
The study area is at the fringe of Delhi-Hardwar Ridge, which 
represents a north-northeastward extension of the Delhi folded belt. The 
western limit of the Ganga basin is delimited by the Delhi-Hardwar Ridge 
and the oldest sedimentary sequence in the basin, namely. Upper Vindhyans, 
gradually thin out towards this ridge. 
2.6 Sub-Surface Geology of the Area 
An cxtcnsis'c sub-surface data down to 450 m bgl have been 
generated under the Upper Yamuna projects of Central Ground Water Board 
(CGWB) with the objective of delineating the various aquifer system and 
their hydraulic parameters (Bhatnagar et al., 1982). On the basis of 
correlation of lithologs and electrical logs, four distinct groups of permeable 
13 
granular zones were identified which are separated by three impermeable 
horizons. Recently, CGWB carried out an exploratory drilling down to the 
bedrock somewhere near Meerut city. Here the Quaternary alluvium 
probably lies directly on the Delhi Quartzite or Delhi-Hardwar Ridge 
(Personal Communication Central Groundwater Board). This is further 
substantiated by (Fig.5) which shows that the study area lies between 1 to 
1.5 km contour. 
However, the probable stratigraphic sequence of the study area is 
given as under. 
Table - 3 
Quaternary Alternate bed of sand and clay with 
occasional beds of calcrete. 
Unconformity-
Upper Proterozoic Vindhyan Super Group 
Unconformity-
Middle Protoerozoic Delhi Super Group 
Unconformity-
Archean to 
Lower Proterozoic 
Bundelkhand Granitoids 
It appears from the above sequence that the area is underlain by the 
Bundelkhand Granitoids which form the Basement Complex. It appears that 
a very long period of erosion preceded the deposition of the Delhi group of 
rocks on the eroded and upturned surface of the Bundelkhand Granitoids. 
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2.7 Summary 
The study area is a part of the Kali-Hindon sub-basin, which itself is 
a part of much larger Ganga-Yamuna Basin, a distinct physiographic unit of 
India. 
Boardly speaking, the area exhibits a gentle southward slope with 
altitudes varying between 246 m amsl in the north to 230 m amsl in the 
south. 
In terms of the geological set-up, the area is characterized by a thick 
pile of > 1000 m of Quaternary alluvial sediments which rest unconformably 
over a basement comprising quartzite of the Delhi Super Group 
The area, on an average receives an annual rainfall of 794 mm. In 
general, the intensity of rainfall decreases from east to west. The rainfall 
results in the recharge of the groundwater system and sustaining it. 
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Chapter - 3 
HYDROGEOLOGY 
3.1 Introduction 
India is a vast country having diversified geological, climatological 
and physiographic setup, giving rise to divergent ground water situations in 
different parts of the country. The rocks, which control the movement of 
groundwater, vary in age from Archean to Quarternary and show all possible 
variations in lithology and structure. The landforms hosting groundwater 
systems vary from rugged mountains of the Himalayas to flat alluvial plains 
of rivers, coastal tracts and aeolian deserts of Rajasthan. The rainfall, the 
ultimate source of recharge to all groundwater systems, also varies from 
<100 mm in parts of Rajasthan to > 10,000 mm in Meghalaya. The 
topography and rainfall virtually control the surface runoff, and 
consequently, the groundwater recharge (Sharma, 2004). 
The large alluvial tract in the Sindhu-Ganga-Brahmaputra plains 
extending over a distance of 2,400 kms from Punjab in the west to Assam in 
the East, constitute one of the largest and most potential groundwater 
reservoir in the world. The study area, a small part of the Central Ganga-
Yamuna Sub-Basin, lies within this vast region. 
3.2 Groundwater Conditions in Alluvial Regions 
The coarser elastics in alluvial sequence form the major repository 
of groundwater in the area. Groundwater in the area occurs both under water 
table and semi-confined to confined conditions depending upon the absence 
or presence of aquitard and aquiclude as confining beds. The shallow 
aquifers are pheratic in nature where as deeper aquifers are semi-confined to 
confined in nature. 
The rainfall forms the main source of ground water recharge. 
Recharge also occurs through irrigation-return flow and seepage from the 
canal network viz. Deoband branch (upper Ganga canal), Luhari distributary, 
Charthawal distributary. 
3.3 Evolution of Aquifers in River Basins 
The evolution of aquifers in fluvial system is dependent upon 
hydrodynamics of the flow regime, geology and topography of the terrain, 
leading to the terrigenous clastic deposition system, which are typically 
represented as the channel, flood plain, and back swamp deposits (Umar 
1990, Alaeldin, 2000). 
The fluvial-system generated aquifer may be of following types : 
(a) The channel deposits are thick bodies of aquifers of infinite aerial 
extent, hence form most potential groundwater reservoir. 
(b) Flood plain deposits giving rise to the lenticular type of aquifers 
limited in thickness and aerial extent and are only moderately 
potential. 
(c) Lensoid bodies of sand occuring as enclaves or stringers within the 
thick clay bed, generally forms the low potential aquifers often with 
quality problem. 
3.4 The Study Area 
The study area is a part of the Ganga-Yamuna Sub-Basin of the 
Central Ganga Plain. Systematic well inventory of 33 handpumps and 17 
deep tube wells were carried out and relevant hydrogeological data were 
collected which have furnished valuable informations on groundwater 
regime of the area (Fig. 6). 
In order to study the occurrence and movement of groundwater in 
various phsyiographic units of the area, depth to water level maps and water 
table contour maps have been prepared. In addition, lithological logs of deep 
tube wells (78 to 96 mbgl) were studied and utilised in the preparation of 
various cross sections, which show subsurface aquifer disposition in the 
area. Besides, permeability of aquifer were calculated by Logan's 
approximation. Well hydrographs were studied to know long term variation 
in water level. 
3.4.1. Groundwater investigation and delineation of aquifer groups 
Hydrogeological investigation were carried out in the area under Upper 
Yamuna project. Four distinct groups of aquifers down to 450 mbgl were 
identified. These groups have been designated as I, II, III and IV aquifer 
groups (Bhatnagar et al., 1982). 
First aquifer encountered to a depth of 185 m bgl. It is an 
unconfmed to semi confined in nature. Aquifer materials are coarser in 
nature. Second aquifer lies between the depth range of 115 to 235 m bgl. 
This granular zone is less coarser than the first aquifer group and 
occurrences of clay and kankar lenses are relatively abundant. 
The third aquifers system occurs in the depth range of 255 to 329 
m bgl. Fine sand comprises the aquifer material. The fourth aquifer occurs at 
varying depth of 355 to 480 mbgl. 
7 7" JO 
Fig. 6 Map of study area, showing location of monitoring wells, 
state tubewells, hydrograph station and section line. 
At places the third and fourth aquifers merge with each other i.e. 
their identity is lost. The fourth group of aquifer materials are coarser in the 
east and gradually become finer, eventually acquiring clayey nature in the 
vicinity of Yamuna river. In other words, sediments are coarser along the 
Ganga and gradually become finer near Yamuna in the west. These aquifers 
are separated from one another by poorly permeable to impermeable 
horizons (Bhatnagar, 1982). 
Each group represents a separate sedimentological environment and 
hence may be identified as having its own spatial and temporal 
characteristics (Khan, 1992). 
In the present investigation the Group I aquifers were studied in 
detail. Five hydrogeological cross sections based on lithological logs of 
borehole drilled by the State Tube well Department were prepared (Fig. 7a, 
7b, 7c, 7d, 7e). These sections reveal vertical and probable lateral extension 
of aquifers. Available lithologs are given in Appendix II. 
Sections AB, CD and EF run in east-west direction and GH and IJ 
are NE-SW sections. Section AB shows the occurrence of a three-layered 
aquifer system. The top clay layer is persistent throughout, though it varies 
in thickness from 6 m in the east to 18 m in the west. The first aquifer lies at 
a depth of 3 to 9 m bgl. It has a maximum thickness of 9 m in the central 
part. This aquifer is separated by a clay which is 30 m thick in the eastern 
part. The second aquifer occurs as a lensioned body within the clay bed, 
which gradually pinches due east. The third aquifer is very thick and most 
potential. It is 53 m thick. 
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Fig. 7(a) Hydrogeological cross section along line AB, 
Section CD also show occurrence of a three-tier aquifer system. The 
top clay layer is 36 m thick in the east and 21 m in the west. Here the first 
two aquifers occur as enclaves within the thick clay bed. The second aquifer 
is thick in the eastern part which gradually pinches in the central part. This 
section also shows that the third aquifer is thick and very potential. It has 
varying thickness of 36-46 m. In this granular zone there occurs a 3 m thick 
clay lense which gradually pinches out towards east. 
The section EF which represents the southern portion of the basin 
shows some peculiarity. Here the top clay layer is missing from eastern and 
western parts. The thin top clay layer is persistent in central part. 
The second clay layer is very thick. There are occurrences of two 
sand lenses, one on the western side and a very thin lense in the central part 
of the section. Here also the third aquifer is thick which varies from 47 to 
51 m. 
The NE-SW section GH shows the occurrence of two aquifers. The 
first aquifer pinches out in the east. The second aquifer is thick. It occurs in 
the depth range of 36 to 51 m bgl. There is a small clay lense in the central 
part of the area. 
Section I-J shows the occurrence of the only one potential aquifer 
which occurs at a depth of 41 to 48 m bgl. This section shows occurrence of 
thick clay and kankar layer. There are two sand lenses occuring within this 
zone. 
From all the sections it can be inferred that the top clay layer is 
persistent throughout the area except in the southern portion of the basin. 
20 
IT) 
2^5 
235 
225 
215 
205 
2 19 5 
£ 
C 
O 
o 185 
UJ 
17 5 
165 
155 -
US 
D 
A - A 
1 1 1 . . . r . . • • 
0 
u 
1 2 3 Km 
C u y Sand 
"^^ 
_~ Cole,Concret ion 
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Fig. 7(c) Hydrogeological cross section along line EF. 
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Fig. 7(d) Hydrogeological cross section along line GH. 
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Fig. 7(e) Hydrogeological cross section along line IJ. 
The first and second aquifers occur as lensoid bodies. The third aquifer is 
thick and potential and occurring throughout the basin. These aquifers 
appear to merge with each other and behave as a single bodied aquifer 
system at regional scale (Khan, 1992, Bhatnagar, 1982). 
The sections show that granular zone comprising sand and pebbel 
gravel forms about 53 to 86% by volume of the total solid phase down to 80 
m bgl. 
3.4.2 Sand Percent Map The granular zones encountered down to 80 m 
have been utilized in preparing the sand percent map (Fig. 8). Sand percent 
map has been prepared on the basis of cumulative thickness of granular 
zones encountered in state tube wells. The area has been divided into four 
sand percent zone viz. (i) <50, (ii) 50-60 (iii) 60-70 (iv) >70%. Sand percent 
ranges between 53 and 86% of the volume of rock mass. 
The sand percent map reveals that the granular zone attains a 
maximum value of 86% in the central part of the study area or the tract lying 
between the Deoband Upper Ganga Canal and Charthawal Distributary. The 
percentage of granular material gradually decreases towards upper side of 
the area. 
Fine through medium to coarse sand generally comprise the aquifer 
material in the area. 
3.4.3 Depth to Water Table In an unconfmed aquifer, the water table is 
the upper surface of the zone of saturation where the pressure is 
atmospheric. It is defined by the level at which water stands in wells 
penetrating the aquifer, just enough to hold standing water. However, in 
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Fig. 8 Sand percent map 
general the water level standing in dug wells are considered accurate enough 
to represent water table of an area. The depth to water maps depict the 
regional variations of the water level with respect to land surface all over the 
area. 
The depth to water level maps are useful in deciphering the area of 
recharge and discharge. Recharge areas are characterized by deeper water 
table while shallow water table below the land surface indicates discharge 
area(Feter, 1988). 
a) Pre Monsoon In pre monsoon (June 2004) the depth to water table 
ranges between 4.6 and 16.7 m (Fig. 9). The deeper water level viz. \1.1, 
15.5 m were recorded at Madinpur and Bhanwara respectively. Madinpur is 
near Hindon river but it is situated at a height (233 m) and shallowest 4.6 
m bgl at Lacherah, it is adjacent to river Kali. 
The area has been divided into 7 water level zone (i) <6 (ii) 6-8 (iii) 
8-10 (iv) 10-12 (v) 12-14 (vi) 14-16, (vii) >16. 
b) Post Monsoon In post monsoon (November 2004) the depth to water 
table ranges between 3.5 and 16. 5 m (Fig. 10). The deeper water level viz. 
16.5, 15.0 m were recorded at Madinpur (southwest) and Bhanwara in 
southern part of the basin, respectively. Madinpur is near Hindon river but it 
is situated at an altitude of 233 m. The water table is shallowest at 3.5 m bgl 
at Lacherah, adjacent to river Kali in north eastern part. 
The area has been divided into 7 water level zones, (i) <6 (ii) 6-8 
(iii) 8-10 (iv) 10-12, (v) 12-14 (vi) 14-16 (vii) >16. 
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Fig. 9 Premonsoon depth to water level map (June 2004) 
77*30' 
Fig. 10 Postmonsoon depth to water level map (November 
2004) 
In general, depth to water zones described are found in confirmity 
with general physiography of the area. 
3.4.4. Water Table Contours and Groundwater Movement Water level 
data of wells collected during pre-monsoon and post-monsoon periods were 
analysed and altitude of water level with reference to the m.s.l. were worked 
out. The reduced level of water with reference to m.s.l. were plotted and 
water table contour maps were prepared with contour interval of one meter. 
The water table contour maps are very useful in deciphering the ground 
water flow direction, gradient and area of recharge and discharge. Convex 
contours indicate area of ground water recharge while concave contours 
show tract of groundwater discharge (Todd, 1980). 
a) Pre monsoon The elevation of water table ranges between 238 m in the 
NE to 215 m in the SW. A perusal of water table contour map (Fig. 11) 
shows that the general direction of groundwater flow is from north to south. 
These flows contribute ground water to Kali and Hindon rivers. 
In general, the gradient varies from 0.76 m/km to 4.4 m/km. The 
area with wide contour spacing (flat gradient) seems to possess high 
hydraulic conductivity than those of narrow spacing i.e. steep gradient. In 
the study area the lower part of the western side and eastern side indicate 
steep gradient. In the middle part of the area to the northern end of the study 
area the contours show flat gradient. From Shahpur to Madinpur, on the 
other hand, the gradient is generally steep but thereafter a slightly flat 
gradient, is noticed again. 
In southwestern and southeastern parts of the area, close to the 
Hindon and Kali rivers, the hydraulic gradient is very steep, i.e. 2.76 and 4.4 
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Fig. 11 Premonsoon watertable contour map (June 2004) 
m/km respectively. This steep gradient is indicative of two possible factors 
VIZ. 
• Heavy withdrawl of groundwater 
• Low permeability of aquifer material 
It has been observed from the field survey that the concentration of 
wells is relatively high in the western and eastern parts. It may therefore be 
inferred that the steep gradient in this tract is due to heavy withdrawl rather 
than low permeability of aquifer material. 
The slope of water table is towards the river Kali form north to 
south which depicts that Kali is effluent in nature (gaining stream). 
Similarly, river Hindon is also depicted to be effluent in nature in parts.. 
The map shows that a large groundwter mound has formed in 
North-eastern part of the area near river Kali. The other mound has formed 
in the western part of the area on the left bank of Hindon river near Deoband 
upper Ganga canal. These mounds have evidently formed due to excessive 
seepage of surface water into the shallow aquifers through the unlined beds 
of the existing canals and their distributaries. These mounds are shadding 
water. The aquifer system in this part is very much receptive of massive 
seepage leading to the formation of the mound. 
b) Po.st Monsoon The elevation of water table ranges between 239 m in the 
NE to 216 m in the SW. A perusal of water table contour map (Fig. 12) 
show that the general direction of the groundwater flow is from N to S. 
These groundwater flows contribute groundwater to Kali and Hindon river. 
24 
77''30' 
Fig. 12 Postmonsoon water table contour map (November 2004) 
In general the gradient varies from 0.83 m/km to 4.4 m/icm (SE part). 
In the study area, the lower part of western and eastern sides indicate steep 
gradient while from middle part of the area to the Northern end, the contours 
show relatively flat gradient. From Shahpur to Madinpur on the western side 
and between Jiyuna and Morkhukha on the eastern side steeper gradients are 
depicted. 
In the NE part, a large groundwater mound has formed near river 
Kali. The other two mound have formed in the western and eastern parts. On 
the western part, the groundwater mound has formed between the left bank 
of the Hindon river and Deoband upper Ganga canal. On the eastern side the 
mound has formed between the Charthawal Distributary and Luhari 
Distributary. These mounds have evidently formed due to excessive seepage 
of surface water into the shallow aquifers through the unlined beds of the 
existing canals and their distributraries. 
3.4.5 Water Level Fluctuation Fig. 13 shows the water level fluctuation in 
the area. The fluctuations are represented by way of contours of water level 
differences in pre- and post-monsoon water levels for the period of June and 
November 2004. The area is demarcated by two water level fluctuation 
zones with an interval of 0.50 m. The maximum fluctuation is 1.4 m at Taoli 
near Charthawal distributary in the northeastern part. In general, the 
fluctuations range between 0.50 and 1.0 m. This little change in the 
fluctuation is attributed to the scanty and sporadic rainfall during 2004 
monsoon season. 
There is, in all likelihood, an E-W lineament cutting across both the 
river channels which causes the river to be effluent in this region. This is 
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Fig. 13 Water level fluctuation map (2004) 
reflected in a relatively shallow water table as depicted in depth to water 
table map and water table fluctuation map. 
In general, at least for the year 2004, there had been no major 
fluctuations in the water level with reference to pre- and post-monsoon 
changes. 
3.4.6. Long Term Ground Water Behaviour The two permanent 
hydrograph station falls under the study area for measuring the water level 
have been utilized for preparing continuous hydrograph of the wells with a 
view to studying their behaviour with respect to time and space and their 
dependence to natural phenomenon. But in Muzaffarnagar hydrograph is not 
continuous due to gap of data. The hydrogroup of two wells for the period 
1994 to 2003 are given in Figs. 14(a) and 14(b). A perusal of hydrographs 
indicate water level variations are cyclic to semi cyclic and sinusoidal to 
semisinusoidal type as a function of time and space. The water level is 
deepest during the month of June and shallowest during the month of 
November. It is observed that water level starts rising by last week of June 
and attain shallowest level in November. From mid-November onwards 
there is a sharp decline in water level till January. From January onward the 
recession in water level is slow indicating natural groundwater discharge 
through steady sub-surface outflow, in harmony with regional groundwater 
movement. 
In the view of above discussion it is inferred that the rising and 
declining trends of the water level with respect to time and space are 
attributed to input source of groundwater, namely rainfall and the seepage 
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from the canal into highly permeable tract of the Kali-Hindon sub-basin. 
These hydrograph data were collected from State Ground water Department. 
3.4.7. Isopermeability Logan (1964) reasoned that if a well is pumped for 
such a long period that the flow is in steady state, then an approximate 
estimation of the order of magnitude of the transmissivity can be made using 
the Theims formula for a confined aquifer which can be written as : 
2.3 Q log (r^Jr^) 
T - (1) 
2 7t Sm^ 
Where, 
R = radius of pumped well in m 
Tmax = radius of influence in m 
Smw = maximum drawdown in the pumped well in meters. 
Logan, further stated that the accuracy of the calculation depends 
only on the accuracy of measurement of Sm^ (on which well losses may 
have substantial influence and on the accuracy of the ratio rmax/fw As r^ax/rw 
cannot be accurately determined generally, Logan opined that although the 
variation in rmax and r^ may be substantial, the variat ion in the logarithim of 
their ratio is much smaller. Hence, assuming average condit ions of the ratio, 
he suggested a value of 3.33, for log ratio which may be taken as rough 
approximation. 
Substituting the value in the equation (1), we get the L o g a n ' s formula , 
1.22 Q 
T = (2) 
Smw 
Where, Smw is the maximum drawdown in a pumped well. 
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According to Krusemen and deRider (1970) Logan's formula in the 
above form gives erroneous results of the order of 50% or more. 
However, based on Logan's approach, an isopermeability map of the 
area was prepared (Fig. 15). For the purpose, specific capacity and 
drawdown data of various tube wells were collected and utilised for the 
determination of transmissivity and permeability by Logan's formula. A 
perusal of the isopermeability maps of the area of investigation shows that 
there are five isopermeability zones viz. (i) 20-25 m/day, (ii) 25-30 m/day, 
(iii) 30-35 m/day, (iv) 35-40 m/day (v) >40 m/day. 
The permeability range of 25 to 30 m/day covers the major portion of 
the study area, which gradually increases towards southwest of Hindon 
river. 
Few areas show very high sand percent (60-85%) but the permeability 
values recorded are low (20-25 m/day). The conditions due to the variation 
of grain size, sorting characteristics, and grain packing representing micro 
level inhomogeneities tend to control the parameters of porosity and 
permeability, and thus fluid flow characteristics. 
3.5 Summary 
Four distinct groups of aquifers have been identified to depth of 450 
m bgl. The topmost aquifer has coarser grains whereas the second aquifer 
has frequent occurrences of lenses of clay and kankar. The third and fourth 
aquifers get merged at some places. Only the topmost (Group I) aquifer 
system has been studied in details in the present work. 
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Fig. 15 Isopermeability map 
When assessed on regional scale, the first and second aquifers occur 
as lensoid bodies. The third aquifer is thick, potential and persistent. As a 
matter of fact, all the aquifers seem to merge with each other to represent a 
regional scale single-bodied aquifer system. 
The sand percent map reveals that the granular zone attains a 
maximum value of 86% in the central part of the area. 
Depths to water table during pre- and post-monsoon periods range 
between 4.6-17.7 m and 3.5-16.5 m, respectively. Water level fluctuations, 
therefore, are not substantial. 
Water table contour maps have revealed that the movement of 
groundwater is, in general, from north to south. During the pre-monsoon 
period, the gradient varies from 0.76 to 4.4 m/km. There is a distinct feature 
that in southwestern and southwestern parts, close to the river channels, the 
hydraulic gradients are very steep. This steep gradient (2.76-4.4 m/km), in 
all likelihood, is related to overexploitation of groundwater. 
An isopermeability map has been prepared using the approach of 
Logan (1964). Permeability range of 25-30 m/day covers the bulk of the 
area. 
A number of groundwater 'mounds' have been identified in the area 
which have resulted due to contribution of surface waters to groundwaters 
through seepages. 
29 
Chapter -4 
GROUNDWATER BALANCE 
4.1 Introduction 
4.2 Components of Groundwater Balance 
4.3 Inflow of Surface Meteoric Water 
* Water Table Fluctuation Method 
* Groundwater Recharge by Tritium Method 
* Empirical Method 
4.4 Recharge through Irrigation Return Flow 
4.5 Quantum of Recharge due to Canal Seepage 
4.6 Horizontal Flow Across the Boundaries of the Basin 
4.7 Gross and Recoverable Recharge 
4.8 Groundwater Draft 
* Draft through Wells 
* Fvaporation from Groundwater Table 
* Groundwater Draft through Horizontal Outflow 
* Total and Net Draft 
4.9 Mass Balance and Stage of Groundwater Development 
4.10 Summary 
Chapter - 4 
GROUNDWATER BALANCE 
4.1 Introduction 
The basic objective of groundwater resource evaluation is to 
estimate the total quantity of ground water resources available, and their 
future supply potential to predict possible conflicts between supply and 
demand and to provide a scientific database for rational water resources 
utilization (Earth Summit 1992). 
The high stress on groundwater due to abstraction of large 
quantities of groundwater through pumping for irrigation and domestic uses 
has threatened the sustainability of agriculture development and survival of 
the mankind. Therefore, it is necessary to adopt exploitation of groundwater 
to its availability (Marechal 2002). Accordingly, a refind quantitative 
evaluation of groundwater resources of an area or basin becomes an 
essential pre-requisite for its management. 
For proper assessment of potential, present use and additional 
exploitability at optimal level, of both surface water and groundwater 
resources, it is widely acknowledged that basin wise or catchment wise 
approach yield the best result (Karanth, 1987). 
The study area, which is a part of the Central Ganga Basin, is well 
endowed with the groundwater resources in comparison to areas where 
groundwater resources are limited. Overexploitation and mismanagement, 
however, have created adverse impacts on groundwater regime. Keeping this 
in view, an attempt has been made in the present work to evaluate 
groundwater balance for the basin. 
The evaluation of groundwater recharge parameters forms an 
important aspect of groundwater resources evaluation. It takes into account 
hydrometeorological and hydrological processes taking place on the surface 
and also involves sub-surface lithological characteristics (Baweja and 
Karanth 1980). Various estimation of groundwater recharge in the country 
have been made (Rao, 1970, Raghava Rao et al. 1969, Pathak, 1982). 
However these estimations were based on adhoc norms and not supported by 
field test. A large amount of data generated in recent years as result of 
multidiciplinary project studies undertaken both by Central Ground Water 
Board and State Groundwater Departments have made rather realistic 
appraisal. 
4.2 Components of Groundwater Balance 
Flows are of two types, inflows and outflows. The inflows are 
positive and contribute to the recharge of aquifer. The outflows, on the other 
hand, correspond to water leaving the aquifer and thus relate to the 
discharge of aquifer. 
The quantitative changes because of these two components may be 
expressed as water balance equation, which is based on law of conservation 
of matter (Karanth 1987). 
The groundwater balance may be expressed in the form of the 
equation: 
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I ~ 0 = ± A S 
Where, I = inflow 
0 = outflow 
AS = changes in storage 
The heavy demand of groundwater sometime leads to excessive withdrawls 
and indiscriminate utilization which is often reflected in serious imbalance 
of hydrogeological situations at later date. It is therefore, imperative to 
identify various recharge and discharge components of groundwater regime 
and their effect on its variation with time. 
4.3 Inflow of Surface Meteoric Waters 
In the present investigation the following methods were used to 
calculate the recharge parameter depending only on the inflow of surface 
meteoric water. 
• Water table fluctuation method 
• Empirical method 
• Tritium method 
4.3.1 Water Table Fluctuation Method Good knowledge of water level 
data in the basin leads to estimate the infiltration using basic relationship 
between balance over a given period and resulting water level fluctuations, 
better known as water table fluctuation method (Healy and Cook, 2002): 
Groundwater recharge = Geographical area x Sp. Yield x W.L 
Geographical area = 395 km^ 
Average specific yield = 0.17 
Water table Fluctuation = 1.1 m 
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= 395x0.17x1.1 
= 73.86 MCM 
The specific yield value was taken from the pumping test carried 
out under upper Yamuna project (Bhatnagar et al., 1982). This pumping test 
was carried out near the study area, where the major geological formation 
are same. 
4.3.2 Groundwater recharge by tritium method Goel (1975) carried out 
tritium tracer studies on groundwater recharge in the alluvial deposits of 
Indo Gangetic plain of western U.P. 
Based on his estimation 22% of total rainfall is taken as recharge to 
aquifer. Gupta et. al. (1985) assumed 20% of total rainfall as vertical 
recharge to aquifer in Daha region adjoining the study area. Their estimate 
was based on the analysis of water level fluctuations and was supported by 
environmental tritium studies. Since this is adjoining basin to present study 
area therefore 20% of rainfall is considered as recharge to aquifer. 
Rainfall for the year 2003 - 967 mm. 
20% of Rainfall = 193.4 mm 
= 193.4 X 395 km^ 
= 76393 mm 
= 76393/1000 
Recharge = 76.39 MCM 
4.3.3. Empirical Method Based on the water level fluctuations and rainfall 
amounts in Ganga Yamuna interflues, Chaturvedi (1973) derived an 
empirical relationship to arrive at the amount of rain fall that penetrates the 
ground when rainfall exceeds 40 cm. 
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w 13.93 (P-381) 0.4 
W = groundwater recharge in mm 
P = annual rainfall in mm 
P = 13.93(967-381)"-^ 
= 178.28 mm 
= 178.28 X 395 W 
= 70420.6 mm 
= 70420.6/1000 
= 70.3 MCM 
The table given below compares the values of recharge derived 
through various methods. 
Table 4 : Recharge in MCM estimated by different Methods 
Water table Fluctuation 
73.8 
Tritium Method 
76.4 
Empirical Method 
70.3 
It is seen that these values are nearly identical with an error of 
<10%. 
4.4 Recharge Through Irrigation Return Flow 
To evaluate the irrigation return flow to the groundwater, the irrigated 
area and volume of water applied for irrigation are taken into consideration 
for working out the total volume of water applied, of which 30% is assumed 
to return to groundwater body (Khan 1992). Cropwise return seepage in the 
area has been calculated in the basin which is given below. 
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Table 5 : Recharge through irrigation return flow. 
Crop type 
Monsoon 
Kharif 
Non Monsoon 
Rabi 
Zaid 
Area 
irrigated 
(hec. 
mtr) 
189.87 
283.31 
89.82 
Average 
wetted 
depth 
(M) 
0.4 
0.4 
0.15 
Irrigation 
water 
applied 
75.94 
113.32 
13.47 
Seepage 
factor (%) 
40 
30 
30 
Seepage 
MCM 
30.37 
33.99 
4.04 
The total quantum of the irrigation return flow is thus computed to 
be 68.4 MCM 
4.5 Quantum of recharge due to canal seepage 
Recharge through percolation from canals depends on the 
infiltration capacity of the canal sub-surface lithology, extent of wetted 
perimeter length of canal etc. (Karanth 1987). The values of wetted 
perimeter of different canals passing through the area was taken from 
CGWB report (Khan, 1992). 
Canal seepage = length x wetted perimeter x running days 
The seepage from various canals and distributaries are tabulated in 
the Table given below. 
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Table 6 : Recharge due to canal seepage. 
Type of 
canal 
I 
Branch 
Distributary 
Minor 
Total 
length 
of 
canal 
(km) 
2 
27.5 
44 
26.5 
Average 
wetted 
peri-
meter 
(m) 
3 
5.41 
3.24 
2.28 
Average running 
days 
Non 
Monsoon 
4 
182 
107 
105 
Monsoon 
5 
93 
60 
70 
Seepage 
Non 
monsoon 
[Col. 2 X 
col. 3 X 
col. 4 X 
216x10"*] 
6 
5.85 
3.3 
1.37 
(MCM) 
Monsoon 
[Col. 2 X 
col. 3 X 
col. 5 X 
216x10"*] 
7 
2.98 
1.85 
0.91 
Yearly 
(MCM 
) 
8 
16.26 
Recharge due to canal seepage is thius estimated at 16.26 MCM. 
4.6 Horizontal Flow Across the Boundaries of the Basin 
The Kali and Hindon Rivers may be regarded as hydraulically 
connected with the aquifer. The water table contour map show the effluent 
nature of these rivers. The horizontal inflow was calculated from northern 
part of the basin (Fig. 16 & 17) which is as follows: 
HIN = T X [dh/dl] x dw 
where 
T 
dh 
dl = 
dw = 
HIN = 
= 
= 
= 
= 
Transmissivity 
Head 
Length of the cell 
Width of the cell 
16764 mVday 
16764x365 mVyear 
6118860 m^/year 
6.1xl0^mVyear 
6.1 MCM 
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Fig. 16 Horizontal inflow and outflow (Premonsoon) 
77'=30' 
i O ' J 13' 
Fig. 17 Horizontal inflow and outflow (Postmonsoon) 
4.7 Gross and Recoverable Recharge 
The gross groundwater recharge is approximated by summing up 
the values obtained for groundwater recharge, canal seepage, irrigation 
return flow and horizontal flow. The recoverable recharge is taken at 85% of 
the gross groundwater recharge. The gross groundwater recharge comes to 
73.8 + 16.3 + 68.4 + 6.1 = 164.6 MCM 
The value of corresponding recoverable recharge comes to 140 MCM. 
4.8 Groundwater Draft 
The discharge of groundwater in the area mainly takes place 
through pumpage by various groundwater structures, evaporation and 
horizontal out flows Besides a large quantity of groundwater joins the 
bounding river i.e. Kali and Hindon. However, the base flow into rivers is 
not taken into consideration. 
4.8.1 Draft through Wells Data of various groundwater drawing wells etc. 
present in the basin was collected from the District Statistical Report. In the 
study area, there are 56 state tubewells 5026 private tubewells, and 4470 
pumping sets. 
The unit draft utilized for different groundwater structures are given below. 
State tubewells - 0.18 MCM 
Private tubewells - 0.02 MCM 
Pumping Set - 0.014 MCM 
The groundwater draft has been computed by multiplying the total number 
of wells by unit draft of well. The total draft by various structure is given 
below. 
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(i) Draft by State tube well 
Total number of State tubewells - 56 
Unit draft of each tubewell = 0.18 
Total draft by State tube well = 56x0.18 
= 10.08 MCM 
(ii) Draft by Private tubewells 
Total number of Private tubewells = 5026 
Unit draft for each Private tubewell = 0.02 
Total draft = 5026x0.02 
= 100.52 MCM 
(iii) Draft by Pumping Sets 
Total number of Pumping sets = 4470 
Unit draft for each Pumping sets = 0.014 
Total draft = 4470x0.014 
= 62.58 MCM 
4.8.2 Evaporation from Groundwater Table This component is evaluated 
using the relation developed by Coudrain et al (1998). Evaporation flux is 
expressed as an inverse power function of the piezometric depth below the 
soil surface, independently of the soil characteristics. 
EVAP = 7.19Z-"'^ 
Where Z = Water depth from soil (m) 
EVAP = 7.19Z-'''^ 
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= 7.19(7)- ' ' ' 
- 3.95 mm 
= 3.95 X 395 km^ 
= 1560.25 mm 
= 1560.25/1000 
= 1.56 MCM 
4.8.3. Ground Water Draft by Horizontal Out Flow Component The 
groundwater draft through horizontal outflow component (Hout) is 
estimated using the formula given below: 
Hout = Txdh/d lxdw 
Where T 
dh 
dl 
dW 
HOF 
:=: 
= 
= 
= 
= 
= 
= 
= 
:= 
Transmissivity 
Head 
Length of the cell 
Width of the cell 
7110.2mVday 
7110.2x365mVyear 
2595223 mVyear 
2 .59xl0Wyear 
2.6 MCM 
4.8.4 Total and Net Draft The value of total draft is calculated by 
summing up draft through all kinds of wells, evaporation losses and draft 
caused due to horizontal outflows. The calculated value is 
10.1 + 100.5 + 62.6 + 1.6 + 2.6 = 177.4 MCM 
The net draft, calculated at 70% of the total draft comes to 124.1 MCM. 
39 
4.9 Mass Balance and Stage of Groundwater Development 
I - 0 - + S 
Where, 
I = Recoverable recharge 
O = Net draft 
139.93-124.13 =± S 
15.8 = ± S 
using the mass balance equation given above it is seen that the study area 
fortunately has a positive groundwater budget. The inflow exceeding by the 
outflow by about 15 MCM. 
In order to determine the stage of ground water development in the 
Kali-Hindon subbasin. NABRAD's norms have been taken into account 
which are as follows. 
Net yearly draft 
Stage of ground water = x 100 
development Net recoverable recharge 
= 124.13 
X 100 
139.93 
- 88.7% 
In the Kali-Hindon sub-basin, thus 88.7% of groundwater resources 
has already been developed and, therefore, it falls under "dark" category. 
This implies that the further groundwater development in the area should be 
executed with care, caution and restraint. The unplanned and massive 
groundwater exploitation, as observed today, is creating multifarious 
problems in the study area, particularly, in the southern parts of the basin. 
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The water level is very deep and has a declining trend. Most of the dug wells 
have dried. 
It is recommended that a constant watch be kept on water levels in 
the dug wells and tubewells to check the overdrafting. 
4. 10 Summary 
It is imperative that an effort is made to assess the groundwater 
budget of an area. This is done using the equation of conservation of matter. 
In simplest terms, if the inflow is more than the outflow, the groundwater 
budget is positive. If reverse is the case, the budget is said to be negative. To 
work out the groundwater balance of the area, the inflow and the outflow 
parameters need to be assessed. The estimates have been made for an area of 
395 km^ Almost similar values of 70.3 to 76.4 MCM, averaging 73.5 MCM 
are calculated for groundwater recharge using three different methods of 
calculation. The contribution through irrigation return flow is estimated at 
68.4 MCM. Similarly, contribution from canal seepages and horizontal 
inflow are estimated at 16.3 and 6.1 MCM, respectively. The gross 
groundwater recharge thus comes to 164.6 MCM. The recoverable recharge 
value arrived at from the gross value is 140 MCM. 
Similarly, the total groundwater draft value is calculated by 
summing up the discharges from wells and losses through horizontal 
outflow and evaporation. The calculated value is 177.4 MCM. The net draft, 
calculated at 70% of the total draft comes to 124.1 MCM. 
It is good to see that the groundwater budget of the area is positive. 
The inflow exceeds the outflow by about 16 MCM implying that if the 
calculations made are realistic, there is no immediate danger of large scale 
depletion of groundwater resources of the area. 
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Chapter - 5 
HYDROGEOCHEMISTRY 
5.1 Introduction 
Each groundwater system has its own characteristic chemical 
signatures produced as a result of chemical alteration of the meteoric water 
recharging the system (Back 1966; Drever 1982). The chemical composition 
of the meteoric water varies within wide limits (Faure, 1998). However, in 
most of the inland areas of the Indian sub-continent, it is of the Ca-Mg-
HCO3 to Ca-Na-HCOs type (Bartarya 1993; Datta and Tyagi 1996; Bhatt 
and Saklani 1996). The chemical alteration of the meteoric water, on the 
other hand, depends on several factors, such as interaction with solid phases, 
residence time of groundwater, mixing of groundwater with pockets of 
saline water, and anthropogenic impacts (Stallard and Edmond 1983; 
Dethier 1988; Faure 1998; Subba Rao 2001, Umar and Absar, 2003). The 
study of a relatively large population of samples from a given area offers 
clues to various possible trends of chemical alteration which the meteoric 
water undergoes before acquiring distinct chemical characteristics and 
attaining a chemical steady state in the aquifer. These identified trends, in 
turn, may be related to natural and anthropogenic causative factors. 
Broadly speaking, the intake of major and minor cations is related 
to solid-water interaction (Bartarya 1993; Subba Rao 2001). Such a direct 
relationship between lithology and relative abundances of cations is easily 
discernible in hard-rock areas (Faure 1998), for example, in carbonate rock 
terrain Ca+Mg > Na+K, whereas it is reversed in areas with arenaceous and 
crystalline lithologies. In dealing with a groundwater system in alluvium-
covered areas, on the other hand, straightforward clues may not be as simple 
due to the masking of normal chemical alteration trends by anthropogenic 
influences. Addition of anions to groundwaters may be through various 
sources. Dissolution of carbonates and reaction of silicates with carbonic 
acid account for the addition of HCO3 to the groundwater, and oxidation of 
sulphides may be a source of SO4 (Subba Rao 2001). Chloride, although 
present in very low concentrations in a crystalline terrain, may be available 
for circulating groundwater. The bulk of CI, however, is derived by 
groundwater from residues in soils (Karanth 1987). 
The present work deals with hydrogeochemical studies carried out 
in parts of the Kali-Hindon sub-basin falling under Muzaffarnagar district of 
Uttar Pradesh. 
5.2 Sample Collection 
As many as 25 water samples were collected and analysed for major 
cations and anions. However, after the analyses, 7 samples were rejected on 
account of the poor quality of the data. These samples showed a charge 
balance which was off by 20% or more. 
The objective of sampling is to collect a portion of material small 
enough in volume to be transported conveniently and handled in the 
laboratory while still accurately representing the material being sampled 
(APHA, 1992). Samples, however, have to be handled in such a way that no 
significant change in composition occurs before the tests are made. 
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The samples were collected for physico-chemical analyses for the 
year 2004. The water samples were collected and stored in 1 liter capacity 
clean plastic bottles. Before collection the bottles were washed with 
concentrated HNO3 which was completely removed with distilled water. 
Before collecting the samples, the containers were rinsed by the water that 
was to be sampled.Two sets of sample were obtained and one of the set was 
later acidified by 10 ml of 6N HNO3 for heavy metal determination. The 
samples, after collection, were brought to the Geochemical laboratory, 
Department of Geology, Aligarh Muslim University, Aligarh, where the 
chemical analyses were carried out. Trace element analysis was carried out 
at Geochemical laboratory, Department of Geology, Aligarh Muslim 
University, Aligarh. 
5.3 Analytical Techniques 
The water samples were analyzed as per the standard methods of 
APHA (1992). pH, was determined in the field, pH was measured by a 
portable digital water analyses kit with electrodes. The instrument was 
calibrated with solutions having pH values of 4 and 7. 
Total dissolved solids (TDS) were calculated using simply sum up 
of the major cations and anions. The values of electrical conductivity (EC) 
were calculated from TDS measurement using the division factor of 0.7 and 
also measured by portable kit with electrodes. 
The concentrations of Ca^^, Mg^ "^ , CI', HCO3" and total hardness 
were determined by volumetric method. Ca"^"*" and Mg"^ ^ were determined by 
EDTA titration, for HCOs' HCl titration to a methyl orange point was used. 
Chloride was also determined by titration with AgNOa solution. Flame 
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emission photometry has been used for the determination of Na^ and K"^ . In 
this method water sample is atomized and sprayed into a burner. The 
intensity of the light emitted by a particular spectral line, is measured with 
the help of a photoelectric cell and a galvanometer. Sulphate was determined 
by gravimetric method. 
Heavy metals as Cu, Co, Zn, Fe, Ni, Mn were analyzed by Atomic 
Absorption Spectrophotometry (AAS). As in flame photometry, in AAS the 
water sample is also atomized and aspirated into flame. In flame 
photometry, the amount of light emitted is measured, while in atomic 
absorption spectrophotometry, a light beam is directed through the flame 
into a monochromator and on to a detector that measures the amount of light 
absorbed. 
The analytical data is given in Table 7 equivalents per million 
values are also calculated and given in Table 8 charge balance has been 
indicated and on this basis, seven of the samples originally collected and 
analysed, have been rejected and not included in Tables 7 and 8. 
5.4 Chemical properties of Groundwaters 
The properties of groundwaters of the area under study, in terms of 
parameters, such as, hardness, total dissolved solids, EC, pH and sodium 
absorption ratio are given below. 
5.4.1 Hardness Hardness is one of the most important properties of water. 
Hardness of water is demonstrated most commonly by the amount of soap 
needed to produce suds. Hardness of water is mainly due to the presence 
of calcium and magnesium ions in the water. Other cations such as iron, 
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manganese, aluminium, zinc, strontium also react to the hardness but not 
significantly. The degree of hardness in water is commonly based on the 
classification given by Sawyer and Mc Carty, 1967 (Table 9). 
Table 9 : Hardness classification of water. 
Hardness (mg/1) of CaCOs 
0 - 7 5 
7 5 - 150 
150-300 
>300 
Water class 
Soft 
Moderately hard 
Hard 
Very hard 
In laboratories, hardness is measured in terms of total hardness as 
CaC03. This does not mean that COf ion is necessarily present. Carbonate 
ions are generated only under high pH conditions (pH > 8.3) as a resuh of 
the dissociation of the HCO3" ion. The term total hardness as CaCOs in 
practice, includes carbonates and bicarbonates Ca"*^* and Mg . 
In the area of study the hardness value for the 18 samples varies 
from 104 to 440 mg/1. The average value is 278 mg/1. The groundwaters, 
therefore, come under the category of hard to very hard. This observation is 
consistent with the field finding that water form these hand pumps does not 
give good froth with soap making washing of clothes difficult. Sample no. 
17 from Khanjahanpur is in particular worst from this point of view and 
local people avoid it for drinking purposes and community uses. 
Some of the samples, particularly samples 3, 14 and 17 are not 
suitable for drinking purposes. 
5.4.2 Total Dissolved Solids The total dissolved solids comprise 
dissociated and undissociated substances but not suspended material, 
colloids or dissolved gases. The bulk of the total dissolved solids include 
bicarbonates, sulphates and chlorides of calcium, magnesium, sodium and 
silica. Potassium, chloride, nitrate and boron form a minor part of the total 
dissolved solids. The concentration of TDS is generally very low (20 ppm) 
in the high rainfall areas and high (> 100,000 ppm) in some desert brines 
(Karanth, 1987). The concentration of TDS in water is a general indication 
of its suitability for any particular use.A classification of water given by 
Freeze and Cherry 1979,based on TDS is shown in table 10. 
Table 10 : Classification of water based on TDS 
Category 
Fresh water 
Brackish water 
Saline water 
Brine water 
TDS (mg/1) 
0-1,000 
1,000-10,000 
10,000-100,000 
> 100,000 
In the area of study total dissolved solids (TDS) have been 
calculated by summing up all the major cations and anions. The values range 
from 560 to 1875 mg/l. Six out of 18 samples have TDS value of >1000 
mg/1. The average TDS value comes to 945 mg/1. The groundwaters of the 
area, therefore, are freshwater in general, with some of the samples being on 
the periphery of brackish water. 
Samples 3 and 17 may be considered not fit for human 
consumption. 
5.4.3 Specific Electrical Conductance The electrical conductance is the 
ability of the substance to conduct an electric current. Chemically pure 
water has a very low electrical conductance i.e. it is a good insulator. 
However, a very small amount of ionized mineral salt in solution renders the 
water conductive. The more the ions present, the greater will be the 
conductance of the solution. The term defines the conductance of a cubic 
centimeter (cm^) of water at the standard temperature of 25°C. An increase 
of 1°C temperature increases the conductance by about 2%. The unit for 
specific electrical conductance is jaS/cm. 
In the samples collected for the present study, measured EC values 
range from 300 to 1800 ^iS/cm. The values of EC have also been calculated 
by dividing the TDS values by a factor of 0.7. These values show a range 
from 800 to 2680 fiS/cm and therefore are clearly at discrepancy with the 
measured values. As TDS values are realistic and the conversion factor 
between TDS and EC is well established for dilute water, the calculated 
values are taken more dependable than the measured values which could 
possibly be affected by the instrumental error. 
5.4.4 Hydrogen Ion Concentration (pH) The samples analysed have a pH 
range of 7.4 to 8.1, and therefore are neutral to slightly alkaline. From the 
point of view of human consumption, all the samples may be considered fit, 
as they are neither acidic nor strongly alkaline. 
5.4.5 Sodium Adsorption Ratio (SAR ) Sodium adsorption ratio is 
calculated from the ionic concentration (in meq) of sodium, calcium and 
magnesium according to following relationship : 
50 
Na 
SAR= 
2 
Sodium adsorption ratios have been related to the overall alkali 
hazard of irrigated water. 
The SAR values for the groundwater samples of the area are given 
in Table 8. The values range from 1.5 to 9.2. The data has been plotted in 
(Fig. 18) to observe the suitability of water for irrigation purposes. The 
possibility of sodium hazard (salinization) may therefore be considered high 
in the area. From this point of view the water samples may not be 
considered ideal for irrigation purposes. It is to be noted, however, that the 
samples analysed are from hand pumps and are not used for irrigation 
anyway. Groundwaters from deeper source have relatively low SAR values 
and pose only low intensity salinization hazard. 
5.5 Salient Features of Major Ions Chemistry 
Some salient features of the major ions chemistry of groundwaters 
from Kali-Hindon sub-basin falling under Muzaffarnagar district of U.P. are 
being enumerated below : 
• As far as the chemical quality of water for drinking purposes is 
concerned (Faure 1998), all the samples have TDS of >500 mg/l, 
averaging 945 mg/l, which is higher than the acceptance concentration 
limit of 500 mg/l. Six out of 18 samples have TDS value of 1030 to 
1875 mg/l (Table 7) and these samples by any norm are not suitable for 
drinking purposes. Ironically, however, even these hand pumps are in 
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Fig. 18 Plots of SARVs E.G. 
• 
• 
excessive use. Bicarbonate and CI values are within the permissible 
limits, with an exception of sample 3 with 363 mg/1 of CI. 
Very high SO4 values are a characteristic feature of the groundwaters 
of the area of study. Sulphate values range from <100 to >800 mg/1, 
averaging 320 mg/1. Except in 5 samples, all the values are >250 mg/1, 
and therefore, are far beyond the permissible limit of 250 mg/1 (Todd, 
1980). This chemical attribute of groundwaters is consistent with the 
observation that stomach ailments are relatively common in the area. 
Groundwaters are not dilute with TDS values upto 1875 mg/1, 
averaging >900 mg/1. This implies that cations and anions have been 
acquired through natural processes, such as, water-rock interaction and 
as a resuh of anthropogenic influences. 
Major anions, particularly CI and SO4, show a wide range of variations. 
Bicarbonate values range from 156 to 381 mg/1, averaging 246 mg/1, 
and shows relative consistency. Chloride values are relatively low, 
averaging 100 mg/1. The range of its variation is though very large, 
from 14 to 363 mg/I. Anomalously high CI values of 239 and 363 mg/1 
are reported from samples 17 and 3, respectively (Table 7). As far as 
SO4 is concerned, it shows a range from 82 to 823 mg./l, averaging 320 
mg/1. Sulphate values of >200 mg/1 may be considered anomalous. 
Alkali ions too show large variations in their abundances. Sodium 
varies from 64 to 438 mg/lm averaging 184 mg/1. Six samples, i.e. 
Samples 3, 5, 9, 14, 17 and 18 have rather anomalously high Na values 
of >200 mg/1. Potassium values show a range of 1 to 60 mg/1, 
averaging 13 mg/1 (Table 7). Anomalously high values of >20 mg/1 are 
52 
reported in samples 1,3, 12 and 14. There is apparently no correlation 
between Na and K values. The higher values of the two alkali ions are 
not necessarily co-existing. On the contrary the highest K value of 60-
mg/i is associated with a Na value of 77 mg/1 in sample 12. 
• Calcium values range between 6 and 163 mg/1, averaging 38 mg/1. 
Sample nos. 3 and 17 have anomalous Ca values of 98 and 163 mg/1, 
respectively. In the remaining samples, Ca values are relatively 
consistent. As far as Mg values are concerned, the values range from 15 
to 75 mg/1, averaging 46 mg/1. As with Ca values, Mg concentration 
also show consistency. 
5.6 Relative Abundances of Major Ions 
In order to evaluate the relative abundances of major cations and 
anions various X-Y plots have been prepared. As seen in (Fig. 19) for 
samples 1, 2, 8, 11, 12, 13 and 16, which plot close to 1:1 line, the two 
groups of cations (Na+K and Ca+Mg) may be considered to have more or 
less similar abundances. In general, however, except for four samples, i.e. 
samples 2, 11, 12 and 15, the remaining 14 samples have Na+K > Ca+Mg. 
Relative abundance of alkali ions is overwhelming for samples 3, 5, 9, 14, 
Hand 18. 
Based on the relative abundances of the major anions HCO3 and CI 
(Fig. 20), groundwaters of the area are indicated to be of three types. Five 
samples, 1, 8, 14, 16 and 18, plot on HCO3 = CI line. Samples 3 and 17 
depict abundance of CI over HCO3 (CI » HCO3). The remaining 11 
samples have overwhelming abundance of HCO3 (HCO3 » CI). 
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Relative abundances of CI and SO4 are shown in (Fig. 21). Except 
for three samples, i.e. 3, 9 and 12, which have almost similar equivalent 
concentrations of CI and SO4, the other 15 samples have SO4 far more 
abundant than CI (SO4 » CI). This chemical attribute of the groundwaters 
of the area under study is their characteristic feature. 
5.7 Chemical Characteristics of Groundwaters 
HCO3 - CI + SO4 plot (Fig. 22) clearly identifies four different 
groups of groundwaters of Kali-Hindon sub-basin. A group comprising 
samples 9, 12 and 13 is characterized by HCO3 > CI + SO4. In another 
group with samples 3 and 17, CI + SO4 is overwhelmingly abundant. The 
two remaining groups have CI + SO4 > HCO3. the four groups identified on 
HCO3 - CI + SO4 plot are given in Table 11. 
Table 11 : Groundwater types in the study Area on the basis of Relative 
Abundances of HCO3 and CI+SO4 
Group 
I 
II 
III 
IV 
Character 
HCO3 > CI + SO4 
CI + SO4 » HCO3 
CI+SO4 > » HCO3 
CI+SO4 > HCO3 
Samples 
9, 12, 13 
3, 17 
1, 11, 14, 16, 18 
2,4,5,6,7,8,10,15 
To assess bonding affinities of Na+K and CI, their equivalent 
concentrations have been plotted against one other (Fig. 23). It is seen that 
all the samples plot above the equal concentration line. As CI would 
normally tend to prefer to the associated with alkalis, rather than Ca and Mg, 
it may be inferred that CI has been consumed in forming alkali chlorides. 
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Fig. 23 Alkalis Vs CI plot giving evidence for Na+K 
concentrations is much higher than CI. 
This further implies that alkalis would be available in plenty to get 
associated with HCO3 and SO4. It is therefore logical to expect that aqueous 
species, such as, alkali bicarbonates and alkali sulphates may also exist. 
Significantly HCOs-enriched groundwater samples, such as, 
3,5,9,10,12 and 13 (with HCO3 concentration of 5 or more m.eq), also give 
evidence of having excess alkalis which may be available for bonding with 
anions other than CI (Fig. 20, 22 and 23). This group of samples may 
therefore have Na-HCOs as one of the aqueous species. 
The natural bonding affinity between Ca+Mg and HCO3 is 
evaluated in Fig. 24. A general abundance of Ca+Mg is depicted as 14 out of 
18 samples plot above the equal concentration line. This implies that even 
after forming aqueous species, such as, Ca-HCOa and Mg-HCOs, there is 
surplus Ca and Mg which could have affinity for relatively abundant SO4 
ion. Thus, ionic aqueous species, such as, Ca-S04 and Mg-S04 may be 
expected in most of the groundwater samples from the area of study. 
Chloride species of Ca and Mg could not exist as CI has evidently been 
involved in the formation of alkali chlorides (Fig. 23). 
Relative abundance of SO4 in groundwaters of the area necessitates 
plotting equivalent alkalis concentration against SO4 (Fig. 25). As many as 
six samples plot close to the equal concentration line implying the 
possibilities of the existence of aqueous species, such as, Na-S04. 
It is evident form the preceding discussion that all major aqueous 
species, such as, Na-Cl, K-Cl, Na-HCOs, Na-S04, Ca-HCOj, Mg-HCOs, Ca-
SO4 and Mg-S04 are likely to be present in groundwaters of Kali-Hindon : 
sub-basin. /'" '^^ '^  ' ; ' ^ 
3 4 5 6 7 
HC03 Eq.Conc. 
10 
Fig. 24 Concentration of Ca+Mg ions is higher than HCO3 ions 
on the Ca+Mg-HC03 plot. 
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Copper values of 0.015 to 0.547 mg/1 are within the permissible 
limits, and as a matter of fact slightly on lower side considering the fact that 
Cu is essential element for human metabolism (WHO, 1973). The observed 
zinc values are orders of magnitude lower than its maximum permissible 
limit of 5 mg/1. The groundwaters therefore are clearly Zn-deficient. Nickel 
and Co values of .008 to 0.023 and 0.01 to 0.143, respectively, are safe for 
human consumption through water. 
As far as concentrations of Fe and Mn are concerned, they are much 
higher than the maximum permissible limit of these elements of 0.3 and 0.05 
mg/1, respectively (Freeze and Cherry, 1979). Iron values range between 
0.006 and 1.171 mg/1. Nine of the samples, however, have concentration 
levels higher than the permissible limit. Manganese values show a range of 
0.006 to 0.704 mg/1. Twelve of the samples have values upto >10 times the 
permissible limit. 
It is rather threatening to note that most of the groundwaters tapped 
through handpumps are not fit for human consumption from the point of 
view of relative abundances of Fe and Mn. 
The source of Fe and Mn, in all likelihood, lies in the alluvial 
sediments filling up the Kali-Hindon sub-basin. 
5.10 Discussion 
The L-L diagram (Fig. 26) helps us in arriving at a classification of 
groundwaters of the area of study. It is interesting to note that 18 samples 
fall under as many as six groups. Some of the groundwater representatives, 
for example, samples 3, 9 and 17 are rather unique in having their chemistry 
distinct form those of the other samples. The same is true for samples 12 and 
13 which define a different chemical type. Leaving these anomalous 
samples, the remaining 13 samples plot in more or less a single cluster with 
two distinct populations. 
It is significant to note here that the classification of groundwater 
given on L-L diagram is consistent with groupings attempted on X-Y plots. 
For example, on HCO3-CI plot (Fig. 20) samples 3 and 17 occupy a distinct 
place and samples 1, 8, 14, 16 and 18 plotting on equal concentration line, 
conform to Group V on L-L diagram (Table 12). The same is true for HCO3-
CI+SO4 plot (Fig. 22). 
It is seen on L-L diagram that no sample conforms to the chemistry 
of meteoric water, i.e. Ca-Mg-HCOa type. Sample no. 12 is the nearest to 
the composition of the meteoric water. If alteration of meteoric water is 
considered as a mechanism for generating groundwaters of widely different 
chemical compositions, then processes in addition to water-rock interaction 
need to be taken into consideration. This argument is based on the fact that 
anomalously high SO4 values of >200 mg/1, peaking at >800 mg/1 in sample 
17, can not be explained through water-rock interaction alone. Various other 
processes, therefore, need to be looked into. 
For the area under study, various processes responsible for bringing 
about changes in chemistry of groundwaters may be as given below. 
• Water-rock interaction 
• Dissolution 
• Irrigation return flows 
• Fertilizers, particularly from the point of view of their adulteration 
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• Industries 
• Seepages through canals 
• Pollution of rivers 
• Water-logging related salinization and its percolation to deeper levels. 
The most conspicuous change in the chemistry of groundwaters is 
their relative enrichment in SO4. If an explanation justifies the abundance of 
SO4 in groundwaters of Kali-Hindon sub-basin, the reason for observed 
chemical changes in local groundwaters could be easily understood. 
It is difficult to suggest that SO4 has been acquired through water-
rock interaction. Normally, weathering of sulphides under oxidizing 
environment releases SO4 to groundwaters. Such a scenario may not be 
expected to play the dominant role in the area of study. Dissolution 
mechanism is also not likely to play any role as the geological set-up of the 
area does not favour the occurrence of gypsum/anhydrite. Under these 
circumstances, one has to depend on anthropogenic sources of SO4. 
A fact that needs to be emphasized is that about 45% of the total 
cultivated land of 488482 Ha is under sugarcane cultivation, 27% under 
wheat cultivation, 18% for growing other corps and 8% under paddy 
cultivation (District Statistical Report 2001-2002). In the year 2001-2002 
about 110000 Ions of fertilizers were used in district Muzaffarnagar, out of 
which 81% was nitrogen (urea). Other fertilizers used are phosphorus and 
potash. This explains anomalously high K values upto 60 mg/1 in some of 
the samples, but not SO4. The SO4 to the shallow groundwater levels, 
therefore, is being introduced through industrial wastes. Hundreds of small 
and big sugar factories have come up in the area and the acids used in sugar 
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factories are locally manufactured. The sulphur which finds abundant use in 
sugar factories, on oxidation may form SO4 which could find way to shallow 
aquifers. The sulphur available in the area for sugar factories has also 
prompted local people for having acid manufacturing units also. 
It may, therefore be inferred that the source of SO4 in groundwaters 
of the area of study is anthropogenic and sugar factories alone are 
responsible for this potential environmental hazard. 
Various chemical types of groundwaters observed have resulted due 
not mixing of surface and subsurface waters. Surface waters have percolated 
to deeper levels through canal and river seepages and as agricultural return 
waters. These have mixed with SO4 enriched waters with different mixing 
ratios to generate waters of different chemical compositions. 
It is most interesting to note that the chemical types of groundwaters 
as established on L-L diagram (Fig. 26) find geographical expression as well 
(Fig. 27). Samples 4, 5, 6,7 and 10 collected from the central part of the area 
belong to Group VI. Samples 9, 12 and 13 defining Groups I and II, are 
confined to the northwestern comer of the area on the left bank of river 
Hindon. Samples belonging to group V, i.e. 1, 2, 8, 11, 14, 15, 16 and 18 are 
peripheral to Group VI. Samples 3 and 17, justifying two different groups 
(Group HI and IV) occupy distinct places on the map on the right bank of 
river Kali. These two samples have highest TDS values of 1500 to 1800 
mg/l and their location adjacent to the river Kali suggests contribution of 
polluted river water (which carries the sewage and waste discharge from 
Muzaffarnagar town) to the shallow groundwater. 
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77 30 
Fig. 27 Map showing locations of various groundwater species. 
Geographical attribute of sampling sites further substantiate the 
speculation that different chemical types of waters have been generated as a 
result of mixing of two or more end-member waters in varying mixing 
ratios. 
5.11 Summary 
Twenty five samples were collected and analysed for major cations 
and anions from Kali-Hindon sub-basin of Muzaffarnagar district of Uttar 
Pradesh, out of which 18 samples were selected for the present study. 
Water samples studied have an average TDS of 945 mg/1 and have 
anomalously high SO4 content as their characteristic feature. Na+K are 
overwhelmingly abundant compared to Ca+Mg. The most abundant anion is 
SO4 followed by HCO3 and CI. On HCO3-CI + SO4 plot four groups of 
samples are identified, out of which 3 have CI+SO4 > HCO3. Alkali metals, 
in addition to forming chlorides, tends to be associated with HCO3 and SO4. 
Similarly, Ca+Mg are evidently associated with SO4 in addition to their 
natural bonding with HCO3. 
A chemical classification of water attempted on L-L diagram 
identifies VI different groups characterized by distinct chemical 
compositions. These groups are consistent with inferences based on Cl-
HCO3 and HCO3-CI+SO4 plot. Interestingly, these different groups are also 
identifiable on a map due to their geographical attributes. The most 
conspicuous feature of the chemistry of groundwaters is the acquisition of 
anomalously high SO4 values. These values have been contributed to 
groundwaters due to excessive use of SO4 by sugar factories. Different types 
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of waters have been generated due to mixing of two or more and members of 
chemically distinct waters in different mixing ratios. 
Trace elements studies have been carried out on 18 groundwater 
samples. Iron and Mn values are at times upto 10 times higher than the 
maximum permissible values. High SO4, Fe and Mn values make the waters 
unfit for human consumption and pore a great health hazard. 
Chapter -6 
SUMMARY 
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Chapter - 6 
SUMMARY AND CONCLUSION 
The study area is a part of the Kali-Hindon sub-basin, which itself is a 
part of much larger Ganga-Yamuna Basin, a distinct physiographic unit 
of India. 
Boardly speaking, the area exhibits a gentle southward slope with 
altitudes varying between 246 m amsl in the north to 230 m amsl in the 
south. 
In terms of the geological set-up, the area is characterized by a thick 
pile of >1000 m of Quaternary alluvial sediments which rest 
unconformably over a basement comprising quartzite of the Delhi 
Super Group 
The area, on an average receives an annual rainfall of 794 mm. In 
general, the intensity of rainfall decreases from east to west. The 
rainfall results in the recharge of the groundwater system and 
sustaining it. 
Four distinct groups of aquifers have been identified to depth of 450 m 
bgl. The topmost aquifer has coarser grains whereas the second aquifer 
has frequent occurrences of lenses of clay and kankar. The third and 
fourth aquifers get merged at some places. Only the topmost (Group I) 
aquifer system has been studied in details in the present work. 
When assessed on regional scale, the first and second aquifers occur as 
lensoid bodies. The third aquifer is thick, potential and persistent. As a 
matter of fact, all the aquifers seem to merge with each other to 
represent a regional scale single-bodied aquifer system. 
• The sand percent map reveals that the granular zone attains a maximum 
value of 86% in the central part of the area. 
• Depths to water table during pre- and post-monsoon periods range 
between 4.6-17.7 m and 3.5-16.5 m, respectively. Water level 
fluctuations, therefore, are not substantial. 
• Water table contour maps have revealed that the movement of 
groundwater is, in general, from north to south. During the pre-
monsoon period, the gradient varies from 0.76 to 4.4 m/km. There is a 
distinct feature that in southwestern and southwestern parts, close to 
the river channels, the hydraulic gradients are very steep. This steep 
gradient (2.76-4.4 m/km), in all likelihood, is related to 
overexploitation of groundwater. 
• An isopermeability map has been prepared using the approach of Logan 
(1964). Permeability range of 25-30 m/day covers the bulk of the area. 
• A number of groundwater 'mounds' have been identified in the area 
which have resulted due to contribution of surface waters to 
groundwaters through seepages. 
• The gross groundwater recharge comes to 164.6 MCM. The 
recoverable recharge value arrived at from the gross value is 140 
MCM. 
• The calculated (groundwater draft) value is 177.4 MCM. The net draft, 
calculated at 70% of the total draft comes to 124.1 MCM. 
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• 
• 
It is good to see that the groundwater budget of the area is positive. The 
inflow exceeds the outflow by about 16 MCM implying that if the 
calculations made are realistic, there is no immediate danger of large 
scale depletion of groundwater resources of the area. 
Twenty five samples were collected and analysed for major cations and 
anions from Kali-Hindon sub-basin of Muzaffarnagar district of Uttar 
Pradesh, out of which 18 samples were selected for the present study. 
Water samples studied have an average TDS of 945 mg/1 and have 
anomalously high SO4 content as their characteristic feature. 
Na+K are overwhelmingly abundant compared to Ca+Mg. 
The most abundant anion is SO4 followed by HCO3 and CI. 
On HCO3-CI + SO4 plot four groups of samples are identified, out of 
which 3 have CI+SO4 > HCO3. 
Alkali metals, in addition to forming chlorides, tends to be associated 
with HCO3 and SO4. 
Ca+Mg are evidently associated with SO4 in addition to their natural 
bonding with HCO3. 
A chemical classification of water attempted on L-L diagram identifies 
VI different groups characterized by distinct chemical compositions. 
These groups are consistent with inferences based on CI-HCO3 and 
HCO3-CI+SO4 plot. Interestingly, these different groups are also 
identifiable on a map due to their geographical attributes. 
The most conspicuous feature of the chemistry of groundwaters is the 
acquisition of anomalously high SO4 values. These values have been 
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• 
contributed to groundwaters due to excessive use of SO4 by sugar 
factories. 
Different types of waters have been generated due to mixing of two or 
more end members of chemically distinct waters in different mixing 
ratios. 
Trace elements studies have been carried out on 18 groundwater 
samples. Iron and Mn values are at times upto 10 times higher than the 
maximum permissible values. 
High SO4, Fe and Mn values make the waters unfit for human 
consumption and pose a great health hazard. 
68 
REFERENCES 
REFERENCES 
AGRAWAL, R.K. (1977) Structure and tectonics of Indo-Gangetic plains. 
Geophysical Case Histories of India. Assoc. Exploration 
Geophysicists, V. 1, pp. 29-46. 
ALA-EDIN, M E H , SAMI AHMAD, M., GURUNADHARAO, V . V . S . and DHAR, 
R.L. (2000) Aquifer Modelling of the Ganga-Mahwa Sub-basin, a 
part of the Central Ganga Plain, Uttar Pradesh, India. Jour. Hydrol. 
Process, 14, pp. 297-315. 
ALAGAH, Y.K. (2003) Inaugural address In : S & T Inputs for Water 
Resources Management. Singhal B.B.S. and Verma, O.P. (Eds.) 
Indian Geological Congress, Roorkee, pp. XXI-XXVIII. 
APHA (1992) Standard methods for the examination of Water and 
Wastewater, 16"' edition, APHA, Washington, D.C. 
BACK, W. (1966) Hydrochemical facies and groundwater flow pattern in 
northern part of Atlantic Coastal Plain. US Geoi. Surv. Prof. Pap 
498A. 
BAJPAI, V. (1989) Surface and subsurface evidences of neotectonic and 
aquifer disposition in Central alluvial terrain of Kanpur Unnao region 
in Uttar Pradesh, India. Photonirvachak. Jour. Ind. Soc. Remote 
Sensing, V. 17, pp. 47-53. 
BARTARYA, S.K. (1993) Hydrochemistry and rock weathering in a sub-
tropical lesser Himalayan river basin in Kumaun, India. J. Hydrol. 
146: pp. 149-174. 
BAWEJA, B.K. and KARANTH, K.R. (1980) Groundwater Recharge 
Estimation in India. Tech. Series H, Central Ground Water Board, 
Bull. No. 2, p. 193. 
BHATNAGAR, N . C , AGASHE, R . M . and MiSHRA, A.K. (1982) "Sub-surface 
Mapping of Aquifer System", Water Balance Study of Upper Yamuna 
Basin, Section - Hydrogeology, Tech. Rep. No. 2, Upper Yamuna 
Project, C.G.W.B., N.W. Region, Chandigarh. 
BHATNAGAR, N.C, AGASHE, R.M. and SIKKA, V . M . (1982) "Parameter 
Determination of Aquifer System", Water Balance Study of Upper 
Yamuna Basin, Section - Geohydrology, Tech. Rep. No. 9, Upper 
Yamuna Project, C.G.W.B., N.W. Region, Chandigarh. 
BHATT, K . B . and SAKLANI, S. (1996) Hydrogeochemsitry of the Upper 
Gangages River, India. J. Geol Soc. India 48: pp. 171-182. 
CHATURVEDI, R . S . (1973) A note on the Investigation of Groundwater 
Resources in Western Districts of Uttar Pradesh. Annual Report, U.P. 
Irr. Res. Inst., pp. 86-122. 
COUDRAIN-RlBSTEN, A., PRATX, B . , TALBI, A. and JUSSERAND, C . (1988) is 
the evaporation from Pheratic aquifers in arid zones independent of 
the soil characteristics. C.R. Acad Sci. Parris. Sciences de la Terre et 
des Planets, vol. 326, pp. 159-165. 
DATTA, P .S . and TYAGI, S.K. (1996) Major ion chemistry of groundwater 
Delhi area : Chemical weathering processes and groundwater flow 
regime. J Geol Soc India 47(2) : p. 179-188. 
70 
DETHIER, D .P . (1998) A hydrochemical model for stream chemistry, cascade 
range, Washington U.S.A. Eanh Surface Processes Land Forms, 13: 
pp. 321-333. 
DREVER, J.I. (1982) The geochemistry of natural waters. Prentice Hall, 
Englewood Cliffs, NJ. 
EARTH SUMMIT (1992) Agenda 21 Programme of Action of Sustainable 
Development, UNCED, Rio de Janeiro, Brazil, pp. 174-175. 
FAURE, G. (1998) Principles and applications of geochemistr}', 2"*^  edn. 
Prentice Hall, Englewood Cliffs, NJ. 
FETTER, C .W. (1988) Applied Hydrogeology, Second edition, Merrill 
Publishing Company, Ohio, p. 529. 
FREEZE, R.A. and CHERRY, A. JOHN (1979) Groundwater Prentice Hall, Inc, 
Englewood Cliffs, N.J. pp. 604. 
GOEL, P .S . (1975) Tritium Tracer Studies on Groundwater Recharge in the 
Alluvial Deposits of Indo-Gangetic Plains of Western U.P., Punjab 
and Haryana : Approaches and Methodologies for Development of 
Groundwater Resources. Proc. Indo-German Workshop, Hyderabad, 
pp. 319-322. 
GUPTA. C.P.. IHANGARAJAN, M . and GURNADHA RAO, V . V . S . (1979) 
Electric Analog model study of aquifer in Krishni-Hindon interstream 
region, Uttar Pradesh. India, Groundwater, vol. 17, No. 3, pp. 284-
292. 
GUPTA, C.P., AHMAD, S. and GURNANDHA RAO, V . V . S . (1985) Conjunctive 
utilization of Surface Water and Groundwater to arrest the water level 
decline in an alluvial aquifer. Jour. Hydrol., 76, pp. 351-361. 
HEALY, R . W . and COOK, P.G. (2002) Using groundwater levels to estimate 
recharge. Hydrogeology Jour. Vol. 10, pp. 91-109. 
INDIAN STANDARD INSTITUTION, 1991. Drinking Water Standards, Table 1 
Substances and Characteristics affecting the acceptability of Water 
for domestic use. 
KARANTH, K.R . (1987) Groundwater Assessment, Development and 
Management. Tata McGraw Hill Publishing Company Limited, New 
Delhi, pp. 576-638. 
KARUNAKARAN, C. and RANGARAO, A. (1979) Status of exploration for 
hydrocarbons in the Himalayan region - contribution to stratigraphy 
and structure. Geol. Surv. India Publ. V. 41, pp. 1-66. 
KHAN, A.M. (1992) Report on Systematic Hydrogeological Survey in parts 
of Muzaffarnagar District, U.P. Central Groundwater Board, Northern 
Region. 
KiTTU, N. (2003) Management of Groundwater Resources, In : S & T Inputs 
for Water Resources Management. Singhal B.B.S. and Verma, O.P. 
(Eds.) Indian Geological Congress Roorkee, pp. 21-27. 
KRUSEMAN, G .P . and DE-RIDER, N . A . (1970) Analysis and evaluation of 
Pumping Test data. Internal Institute for Land Reclamation and 
Improvement Wageningen, The Netherland. 
72 
KUMAR, S. (1994) Report on Hydrogeology and Groundwater Resources 
Potential, Muzaffarnagar Districts, U.P. Central Groundwater Board, 
Northern Region. 
LANGELIER, W . F . and LUDWIG, H.F. (1942) Graphic method for indicating 
the mineral character of natural water. J Am Water Works Assoc 
34(3) : pp. 335-352. 
LOGAN (1964) Estimating Transmissivity from routine Production tests of 
Water level. Groundwater, Vol. 2, No. 1, pp. 35-37. 
MARECHAL, J . C , GALEAZZI, L. and DEWANDEL, B . (2002) Consequences of 
groundwater imbalance in a hard rock watershed : a case study from 
Andhra Pradesh. Proc. of the Diamond Jubilee Workshop-I. The 
Water Crisis - Hope and Action for Humanity's Future, November 
2002. National Geophysical Research Institute, Hyderabad. 
Muzaffarnagar District Statistical Diary, 2001-2002. 
NEVILL, H.R. (1903). District gazetteer of Muzaffarnagar. 
PATHAK, B.D. (1982) Groundwater Resources and Development Potential in 
India, Central Groundwater Board, Govt, of India, p. 176. 
RAGHAVARAO, K. , RAJU, T . S . and RAMESAM, V. (1969). An Estimation of 
the Groundwater Potential of India Approximation. Soil and Water 
Management Symposium, Hissar, Indian Council of Agricultural 
Rresearch, p. 8. 
RAO, K. (1970) Hydrometeorological Aspects of Estimating Groundwater 
Potential. Seminar on Groundwater potential in Hard Rock Areas, 
Bangalore, Geol. Soc. Ind. I (1), pp. 1-18. 
73 
RAO, M . B . R . (1973) The subsurface geology of Indogangetic Plains. Jour. 
Geol. Soc. India, V. 14, pp. 217-242. 
SASTRI, V. V. (1971) Tectonic framework and sub-surface stratigraphy of the 
Ganga Basin. Jour. Geol. Soc. India, V. 12(3), pp. 223-233. 
SAWYER, C.N. and MCCARTY, P.L. (1967) Chemistry for Sanitary 
Engineers, 2"'' edition, McGraw Hill, New York, pp. 518. 
SHARMA, K.D., KUMAR, S. (2004) Hydrogeological Research in India in 
Managing Water Resources, Proc. UNISCO Regional Training 
Workshop on Sustainable Management and Optimal Monitoring 
Network Design, IFCGR, N.G.R.I. Hyderabad, p. 5-19. 
SINGH, LB. (1996) Geological evolution of Ganga Plain - An Overview. 
Jour. Palaentological Soc. India, V. 41, pp. 99-137. 
SINGH, LB. (2004) Late Quarternary History of the Ganga Plain. Jour. Geol. 
Soc. India, V. 64, pp. 431-454. 
STALLARD, R . F . and EDMOND J .M. (1983) Geochemistry of Amazon River : 
the influence of the geology and weathering environment on the 
dissolved load. J Geophys Res 88: pp. 9671-9688. 
SUBBRA RAO, N . (2001) Geochemistry of groundwater in parts of Guntur 
district, Andhra Pradesh, India. Environ Geol 41. pp. 552-562. 
TODD, D . K . (1980) Groundwater Hydrology, Second edition, John Wiley & 
Sons, p. 87. 
lA 
UMAR, R. (1990) Aquifer system and Groundwater Resources Potential of 
Ganga-Kali Sub-basin in parts of Aligarh-Etah Districts, U.P. Ph.D. 
Thesis, Aligarh Muslim University, Aligarh, pp. 51-56. 
UMAR, R. and ABSAR, A. (2003) Chemical characteristics of groundwater in 
parts of the Gambhir River basin, Bharatpur District, Rajasthan, 
India, Environ. Geol. 44, pp. 535-544. 
VARUN, D.P. (1980) District Gazetteer of Muzaffarnagar. 
WORLD HEALTH ORGANIZATION (1973) Technical Report Series, Trace 
Element in Human Nutrition, Report of W.H.O. expert Committee, 
No. 532. 
WORLD HEALTH ORGANIZATION, (1984). Guideline for Drinking Water 
Quality, W.H.O., Geneva. 
V 
APPENDICES 
APPENDIX-I(A) 
Annual Rainfall in mm at Muzaffarnagar Raingauge Station, 
Muzaffarnagar District 
S.NO Year Rainfall 
362.9 
547.0 
557.1 
793.6 
738.0 
509.8 
427.8 
293.9 
1221.5 
662.7 
892.6 
660.7 
754.6 
674.6 
949.2 
928.2 
1204.2 
1252.3 
1453.2 
677.8 
801.8 
734.4 
998.6 
967.4 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
APPENDIX! (B) 
Statistical Analysis of Rainfall Data, Muzaffarnagar Raingauge Station, 
Muzaffarnagar 
Total = 19063.9 
Average(Y) = 794.32 
Standard deviation = V^ / N = 285.65 mm 
Where V = Total of ( X - 7 ) -
N - No. of Years 
Coefficient of variation = Std.deviation x 100 
Avg.rainfall 
=35.96% 
Year 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
Rainfall(mm) 
(X) 
362.9 
547 
557.1 
793.6 
738 
509.8 
427.8 
293.9 
1221.5 
662.7 
892.6 
660.7 
754.6 
674.6 
949.2 
928.2 
1204.2 
1252.3 
1453.2 
677.8 
801.8 
734.4 
998.6 
967.4 
Departure 
(x/Yyi 
-0.54313 
-0.31136 
-0.29865 
-0.00091 
-0.0709 
-0.35819 
-0.46143 
-0.63 
0.537793 
-0.1657 
0.123728 
-0.16822 
-0.05001 
-0.15072 
0.194984 
0.168547 
0.516014 
0.576569 
0.829489 
-0.14669 
0.009417 
-0.07544 
0.257176 
0.217897 
Cumulative 
departure 
-0.54313 
-0.85449 
-1.15314 
-1.15404 
-1.22495 
-1.58314 
-2.04457 
-2.67456 
-2.13677 
-2.30247 
-2.17874 
-2.34696 
-2.39697 
-2.54769 
-2.3527 
-2.18416 
-1.66814 
-1.09157 
-0.26208 
-0.40878 
-0.39936 
-0.47479 
-0.21762 
0.000278 
(X-X) 
-431.42 
-247.32 
-237.22 
-0.72 
-56.32 
-284.52 
-366.52 
-500.42 
427.18 
-131.62 
98.28 
-133.62 
-39.72 
-119.72 
154.88 
133.88 
409.88 
457.98 
658.88 
-116.52 
7.48 
-59.92 
204.28 
173.08 
(X-^)' 
186123.2 
61167.18 
56273.33 
0.5184 
3171.942 
80951.63 
134336.9 
250420.2 
182482.8 
17323.82 
9658.958 
17854.3 
1577.678 
14332.88 
23987.81 
17923.85 
168001.6 
209745.7 
434122.9 
13576.91 
55.9504 
3590.406 
41730.32 
29956.69 
X= 1958367 
Lithological Logs of Boreholes Drilled by the State Tubewell 
Department, Kali-Hindon Subbasin, Muzaffarnagar District 
S. NO. LITHOLOGY 
WELL NO. 22 
LOCATION: MANDAWLI BANGAR 
L Hard Clay & Kankar 
2. Clay & Bajri 
3. Lahal 
4. Fine Sand 
Fine to med. Sand 
5. Coarse Sand 
& Pebbles 
6. Fine Sand 
DEPTH 
0—9 
9—21 
21—25.5 
25.5—72 
72—76.5 
76.5—80.4 
THICKNESS 
9 
12 
4.5 
46.5 
4.5 
3.9 
WELL NO. 
LOCATION 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
17 
:GOELA 
Yellow Surface Clay 
Hard Clay 
Sand Fine 
Hard Clay & Kankar 
Med. Sand 
Hard Clay & Kankar 
Fine Sand 
Medium Sand 
Coarse Sand, Sandstone 
& Pebbles 
Sandstone fine to med. 
Pebble 
0—5.4 
5.4—18.6 
18.6—27.3 
27.3—36.3 
36.3—48.6 
48.6—55.5 
55.5—69 
69—80.7 
5.4 
13.2 
8.7 
9 
12.3 
6.9 
13.5 
11.7 
III 
S.NO. LITHOLOGY DEPTH THICKNESS 
Hard Clay 80.7—81.9 1.2 
WELL NO. 
LOCATION 
1. 
2. 
3. 
4. 
5. 
7. 
8. 
9. 
10. 
11. 
53 
: MUBARIKPUR 
Surface Sand 
Fine Sand 
Fine to med. Sand 
with Sandstone 
Clay & Kankar 
Clay 
Clay with Kankar 
Clay 
Clay & Kankar 
Sandy Clay with Kankar 
Medium Sand 
Fine to med. Sand 
0—3 
3—6 
6—9 
9—12 
12—18 
18—21 
21—30 
30—36 
36—36.9 
36.9^^8 
3 
3 
3 
3 
6 
3 
9 
6 
0.9 
11.1 
12. Med. Sand with Sandstone 
Med. Sand & Sandstone 
with Kankar & Grand 
Fine to med. Sand 
with Sandstone 
48—69 21 
13. 
14. 
Medium Sand 
Med. to Coarse Sand 
with Sandstone & Pebbles 
Coarse Sand with 
Sandstone & Pebbles 
69—72 
72—78.6 
3 
6.6 
15. Clay 78.6—84 5.4 
S.NO. 
WELL NO. 
LOCATION 
L 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
IL 
12. 
13. 
WELL NO. 
LOCATION: 
1. 
2. 
3. 
LITHOLOGY 
34 
rPURA 
Yellow Clay, Clay Hard 
Sand Fine Yellow 
Clay Hard 
Fine sand with Kankar 
Clay Hard 
Lahal 
Sand Fine 
Sand Fine to med. 
with Sandstone 
Sand Fine Yellow 
Sand med. with stone 
Sand med. to Coarse 
with stone & Pebbles 
Clay Hard 
Sand Fine Yellow 
Sand med. with Stone 
Sand med. with 
Kankar & Bajri 
83 
: PURBALIAN 
Surface Clay 
Clay 
Clay & Kankar 
DEPTH 
0—3.6 
3.6—10.2 
10.2—12.3 
12.3—15.9 
15.9—37.8 
37.8—39 
39^^2.6 
42.6—51.9 
51.9—56.4 
56.4—76.5 
76.5—81.9 
81.9—84 
84—92.58 
0—3 
3—9 
9—12 
THICKNESS 
3.6 
6.6 
2.1 
3.6 
21.9 
1.2 
3.6 
9.3 
4.5 
20.1 
5.4 
2.1 
8.58 
3 
6 
3 
S.NO. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
WELL NO. 
LOCATION 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
LITHOLOGY 
Fine Sand 
Clay 
Medium Sand 
Med. Sand with Sandstone 
Medium Sand 
Med. Sand with Pebbles 
Med. Sand with Sandstone 
Fine Sand 
Clay 
69 
: SIMLI 
Surface Clay 
Clay 
Fine Sand 
Soft Clay 
Fine Sand, Med. Sand 
Br med. Sand 
Clay 
Medium Sand 
Clay 
Med. Sand & Sandstone 
Med. Sand & Coarse Sand 
Clay 
DEPTH 
12—15 
15—39 
39—51 
51—57 
57—66 
66—84 
84—87 
87—91.2 
0—3 
3—9 
9-12 
12—15 
15-48 
48—54 
54—63 
63—66 
66—69 
69—84 
84—88.5 
THICKNESS 
3 
24 
12 
6 
9 
18 
3 
4.2 
3 
6 
3 
3 
33 
6 
9 
3 
3 
15 
4.5 
VI 
S. NO. LITHOLOGY 
WELL NO. 66 
LOCATION: TAOLI 
\. Hard Clay 
2. Med. Sand, Fine Sand 
3. Clayc&Kankar 
4. Medium Sand 
5. Clay & Kankar 
6. Med. Sand & Sandstone 
7. Med. Sand & Coarse sand 
8. Med. Sand & Sandstone, 
Med. Sand & Sandstone 
& Pebbles 
DEPTH 
0—3.6 
3.6—27 
27—33 
33-45 
4 5 - ^ 8 
48—51 
51—66 
66—78 
THICKNESS 
3.6 
23.4 
6 
12 
3 
3 
15 
12 
Stikky Clay & Kankar 78—79.5 1.5 
WELL NO. : 
LOCATION: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
81 
TITAWI 
SurfaceClay 
Clay & Kankar 
Fine Sand 
Clay & Kankar 
Fine Sand 
Clay& Kankar 
Med. Sand with 
Sandstone 
Medium Sand 
9. Med. Sand with Sandstone 
0—3 
3—18 
18—21 
21—27 
27—30 
30—36 
36—39 
39—63 
63—66 
3 
15 
3 
6 
3 
6 
3 
24 
3 
vn 
S.NO. 
10. 
11. 
12. 
13. 
WELL NO. 
LOCATION; 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
LITHOLOGY 
Med. Sand with 
Pebbles & Sandstone 
GM Sand with 
Sandstone 
Medium Sand 
Clay & Kankar 
1 
:BHAGRA 
Surface Clay 
Clay & Kankar 
Fine to med. Sand 
Clay 
Fine Sand 
Clay & Caving Clay 
Sandy Clay & med. Sand 
Clay & Kankar 
Med. Sand with Sandstone 
Medium Sand 
Med. Sand with Sandstone 
Med. Sand with Gra\el 
& Pebble 
Medium Sand 
Med. Sand with Pebble 
Coarse Sand with Gravel 
& Pebble 
DEPTH 
66—^9 
69—78 
78—81 
81—85.2 
0—3 
3—9 
9—18 
18—24 
24—35.1 
35.1^15 
45—54 
54—56.4 
56.4—66 
66—69 
69—75 
75—78 
78—81 
81—84 
84—88.2 
THICKNESS 
3 
9 
• ^ J 
4.2 
3 
6 
9 
6 
11.1 
9.9 
9 
2.4 
9.6 
3 
6 
3 
3 
3 
4.2 
VIII 
S.NO. LITHOLOGY DEPTH THICKNESS 
16. Clay&Kankar 88.2—90 1.8 
17. Clay 90—94.2 4.2 
WELL NO. 
LOCATION 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
lOA 
: RASULPUR 
Surface Clay 
Fine brown Sand 
Fine medium Sand 
Clay with Kankar 
Fine Sand with Kankar 
Or Sandstone 
Medium Sand 
Clay with Kankar 
Fine to med. Sand with 
Kankar or Sandstone 
Med. to Coarse Sand, 
Medium Sand 
Clay with Kankar 
Med. Sand with Sandstone 
0—1.8 
1.8—7.5 
7.5—10.5 
10.5—27 
27—33 
33—36 
36—39 
39^t9.5 
49.5—52.5 
52.5—72 
1.8 
5.7 
3 
16.5 
6 
3 
^ J 
10.5 
3 
19.5 
Med. to Coarse Sand 
With Grave Stone 
n . Fine Sand 72—78 
WELL NO. 44 
LOCATION: SHORON 
1. Surface Clay 0—2.4 2.4 
2. Fine Sand 2.4—5.4 3 
IX 
S.NO. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
LITHOLOGY 
Clay 
Fine Sand 
Clay & Kankar 
Fine Sand with Kankar 
Sandy Clay 
Fine Sand with sandstone 
Clay 
Fine Sand with Sandstone, 
Med. Sand with Sandstone, 
Brown med. Sand with 
Sandstone 
DEPTH 
5.4—10.5 
10.5—12 
12—24 
24—31.5 
31.5—33.6 
33.6-^0.2 
40.2—42 
42—72 
THICKNESS 
5.1 
1.5 
12 
7.5 
2.1 
6.6 
1.8 
30 
11. Brown med. Sand with 
Bolders & Pebbles 
72—78 
12. Coarse sand, Fine Sand 78—90 12 
WELL NO. 49 
LOCATION: 
1. 
2. 
3. 
4. 
5. 
5. 
6. 
7. 
MORKHUKA 
Surface Sand 
Fine to med. Sand, 
Brown Sand, Fine Sand 
Hard Clay 
Sandy Clay 
Clay with Kankar 
Fine Sand with Sandstone 
Clay 
Med. Sand with sandstone 
0—3 
3—15 
15—18 
18—21 
21—24 
24—27 
27—33 
33—39 
3 
12 
3 
3 
3 
3 
6 
6 
X 
S.NO. 
8. 
9. 
10. 
11. 
12. 
13. 
15. 
16. 
17. 
18. 
LITHOLOGY 
Clay with Kankar 
Fine Sand 
Med. sand with Sandstone 
Fine to med. brown sand, 
Medium Sand 
Med. Sand with sandstone 
Coarse Sand with Holders 
& Pebbles 
Med. Sand with rock 
Fine Sand 
Med. Sand with Sandstone, 
Fine Sand with Sandstone 
Fine Sand 
DEPTH 
39—51 
51—54 
54—57 
57—66 
66—72 
72—78 
78—81 
81—84 
84—90 
90—94.5 
THICKNESS 
12 
3 
3 
9 
6 
6 
3 
3 
6 
4.5 
WELL NO. 62 
LOCATION: JIYUNA 
1. Surface Sand 
2. Fine to med. brown 
Sand, Fine Sand 
3. Clay & Kankar 
4. Fine to med. sand 
5. Fine Sand with Kankar 
6. Clay & Hardclay 
7. Med. sand with Sandstone 
8. Medium Sand 
0—3 
3—15 
15—21 
21—24 
24—27 
27—33 
33—54 
54—60 
3 
12 
6 
3 
3 
6 
21 
6 
XI 
S.NO. LITHOLOGY DEPTH THICKNESS 
10. 
11. 
Med. Sand with Sandstone 
Medium Sand 
Clay & Kankar 
60—69 
69—75 
75—79.2 
9 
6 
4.2 
WELL NO. 86 
LOCATION: UMARPUR 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Surface Clay 
Clay 
Medium Sand 
Clay 
Medium Sand 
Med. Sand with Sandstone 
Medium Sand, Good 
medium Sand 
0—3 
3—12 
12—24 
24—36 
36—48 
48—63 
63—87 
3 
9 
12 
12 
12 
15 
24 
Clay 87—91.2 4.2 
WELL NO. 9 
LOCATION: KAKRA 
1. Surface Clay 
2. Clay with Kankar 
3. Fine Sand with Sandstone 
4. Clay 
5. Fine to medium Sand 
with sandstone 
6. Clay with kankar 
0—3 
3—16.8 
16.8—34.5 
34.5—39 
39—49.5 
49.5—52.5 
3 
13.8 
17.7 
4.5 
10.5 
3 
VTT 
S.NO. 
7. 
8. 
9. 
10. 
11. 
LITHOLOGY 
Fine Sand, Brown med. Sand 
Med. Sand with Sandstone 
Coarse Sand with Boulders 
& Pebbles 
Fine Sand 
Clay with Hard Kankar 
DEPTH 
52.5—63 
63—75 
75—81 
81—88.5 
88.5—94.5 
THICKNESS 
10.5 
12 
6 
7.5 
6 
WELL NO. 
LOCATION 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
3 
: BARWALA 
Surface Clay 
Clay & Kankar 
Sandy Clay & Kankar 
Fine sand, Fine to med. Sand 
Clay & Kankar 
Fine Sand 
Clay & Kankar 
Caving Clay 
Fine sand & Kankar 
Med. Sand <^  Sand, 
Fine to med.Sand 
Hard Stone 
Clay & Hard Kankar 
Fine to med. Sand with 
Hard Stone 
Medium Sand 
0—3 
3—6 
6—9 
9—15 
15—21 
21—27 
27—30 
30—39 
39—42 
42-^9.8 
49.8—51 
51—54.6 
54.6—60 
60—63 
3 
3 
3 
6 
6 
6 
3 
9 
3 
7.8 
1.2 
3.6 
5.4 
3 
XIII 
S.NO. 
15. 
16. 
17. 
18. 
19. 
LITHOLOGY 
Fine to med. Sand with 
Sandstone, Med. Sand 
With Sandstone 
Coarse Sand 
Coarse Sand with Grand 
& Pebbles 
Med. Sand, Fine to 
medium Sand 
Clay & Kankar 
DEPTH 
63—75 
75—78 
78—87 
87—93 
93—96 
THICKNESS 
12 
3 
9 
6 
3 
WELL NO. 
LOCATION 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
24 
: PINNA 
Soft Clay 
Fine Sand 
Clay Disintegrate in water 
Lahal 
Clay & Kankar 
Clay & Kankar, Disintegrate 
in water 
I'ine Sand, Fine to med. Sand, 
.Viedium Sand 
Fine sand & sandstone 
Fine to med. Sand, Med. Sand, 
0—6.6 
6.6—10.5 
10.5—27.6 
27.6—28.5 
28.5—33 
33^^0.8 
40.8—71.7 
71.7—73.2 
73.2—94.5 
6.6 
3.9 
17.1 
0.9 
4.5 
7.8 
30.9 
1.5 
21.3 
Fine Sand 
XIV 
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